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MATHEMATICKS. 

]^ N the Study ( as well' as iii the Teaching y 
of any Art or Science ^ a Gradual Pro- 
ceeding therein, ought Firft, and Princi- 
*" paWy^ to be confidered : For, It is one thing 
to Teach j and another How to Teach : And^ ac- 
cording to the Adage, Qui bene dtfitngnit^ bene: 

Docet, 
■ Now the Defign of this B(?(7^, being for the- 

DireBing and InftrnSiing of fuch as would apply 

themfelves to the iStudy of any Mathematical Sci-, 

ence fo as to becpme fuch a Frofcient therein, as 

to give a Vemonflrahle Account of what he does ; 

muft not attempt, at the firll Ojifet, to fall di- 

se^ly upon that Part he principally aims at,'but 

firft acquaint himfelf well with fuch EJententr as^ 

concern, and are fubfervient to, them alL 

A 2. And; 



PREFACE. 

And to that end^ The fcveral Pitrts and SeSii- 
ons of this Book^ are difpofed in fuch Order \ 
Tha t , D e gimiin g w ith-the -fiiyi ^ttrt (which; is 
as a K£ Y to give you entrance into the G A T E j 
which is the Second Fart -y Through which , ha- 
ving perfe^lly palled^ you may confidently pro- 
ceed to fall upon the Study (or PraSike) of any 
Mathematical Science , . And. not only on thoie 
that I have here (by my H A N D-M AID, in 
the Third Part) direfted you to j but to any o- 
ther you (hall attempt : T R I G 6 N O M E- 
T R I A being the BafiSy Foundation ; nay, the 
very Primum Mobile^ of all the reft. 

For Illuftration whereof, I have applyed the 
DoShrine of Triangles to PraSiice (in the feveral 
Sextons of the Third Part^ in the Solution of 
fuch Problems, , as are of frequent ufe in feveral 
Parts of the Mathematicks. So in the Firft. 
Which teacheth how to take all manner of 
Heights and Diftances^ acceilible or inacceKTible : 
And in the Sixth, which treateth o£ Na'z/igation 
both by the Plain Sea-Chart^ and that called Mer- 
c/ttors : in both which, I have firft (hewed how 
Geometrically y by Scale and CompaJfeSy to lay. 
dovm (upon Paper) a Figure aniwerable to the 
Queflion Propounded : In which Figure ^ (b laid 
down, you will have conftituted a Right-Lined 
Triangle or Triangles^ of fome kind or other, /. e. 

either 



PREFACE, 

cither IS^ight ot Oblique-Angled ; And in it dis- 
covered what Parts thereof are Given, by the de- 
mand in the Qtteflion j and then the Part or 
Part? IJnhiorvn will be fueh (^as being found) 
will anfwer the Qitejiion demanded : And herein 
the Excellency of the DoBrine of Plain Triangles 
is in part made manifeft. 

Likewi{Cj In the if£ id. ^d. ^tb. and ^th. 
Se£iion.s_, which treateth of Cofmography ; and 
therein of Geography^ Afironomy . and Dialling : 
I do firil declare, and (hew how the Operation 
of the Qttejiion or Proportion ^ is to be performed 
upon the Terrefirial or Celejiial Globe (^according 
as the thing propofed does require. ) Which 
Quefiion being refolved upon the.G/o^e ; and the 
Gl^e refting in the fame Pofition . it was when 
the Qtufiion was refolved thereupon : You will 
upon the Body of the Globe^ (by the great Circles: 
thereon defcribed, and thofe appendant to it) 
apparently difcover a Spherical Triangle or Tri- 
angles Confkitaied ; in which (according to the 
Tenor of the Qttejiidn) you will plainly perceive 
what Parts thereof are. Giwh j . and then,- the 
other Parts being found, muil ireceflarily Anfwer 
the Quejiim Propounded : And herein, in fome 
meafure, is the DoBrine of Spherical Triangles 
made applicable to all the above-named Pradices. 
And Moreover, by Projeding of the Sphere, 

as 



PREFACE. 

as is done for thcCeogra^ical Pmohhmsi mFart IIL 
SeSiiott the Second. And for AftnomntkaiFrohlems^ 
as is llicwed in PART IL ScAion U. Of Pro- 
jt£tion of the Sphere in Plano^ &'c. 

Alfo in the Vllth. SeHton^ Which treats of 
tlie Theories^ and finding the Places of the Pla- 
nets ^ d^c. there the Dc^rineo^Triangleshoth. Plaiw 
and Spherical^ are joyntly concerned .- So that^ 
let your Mathematical FraStice or Study be^ Op- 
ticksy PerfpeBi'vej Fortifcationj Gunnery^ or any 
other Mathematical Art : The moft Probkuis re- 
lating to any of them^ nrnft be beholding to^ 
Tr^ffuometry xbr their Solutions. 

And now i have hut one thing more to advjeiSh 
tife the Reader of: That^. Whereas in the per- 
formances of all the Operations in the fe veral Parts. 
of thisBookj the Firft (which treats oiPraBical 
Geometry only ) excepted ^ there is ccmtinual 
life to be made of a Canon^ T«ioonom¥tm*. 
CAL- or Tables of Artificial Sines^ Tan- 
gents andLooARiTHMs ; So that the Reader 
cannot expert but that fuch T a b l-e s fhould have 
been Added unto thefe Precepts. And^ indeed, it 
was fo ifitended, * but that almo{l in every Book 
that hath any thing of the Menfnration of Irian- 
gles in it, there are fuch TMes Printed ; ai»i that 
one or other of them may be in every Man's 
Hands \ and hecaufe all the Ptoblems in this Book 

may 
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may be folved by (almoft) any of thofe Camm 
or tables '^ was the occafion of the omiflion of 
fuch Tables here at prcfcnt. But chiefly, be- 
caufe there is intended (in fome fliort tame) to 
be Printed,) ACanon of Artificial SiNEsand 

Tangents, both ;gmajBftmt7 and CettteCl- 
ttt0^ X differing from any yet, Extant j it Apply- 
ing both ways of Nnmeratim at one ifktPy and 
yet in the fame Koom : An^ to this Canon fhall 
be Added Ten C hiliads of Logarithms com- 
modioufly Gontraded ; and the 0fe thereof in 
Logarithmkal Arithmetidc. 

Thus faayi^ given the :^Eleader"a Genfiral Ac- 
w««^ in this Pre/ire, I refer bim to ; a m^btfe P</r- 
tiadar in the following Cotttents^ and "fd leave 
him to the Praftice of them : fn which I wifli him 
good fuceefs i and till he^ bears- farther from 



me, bid him Fardwelh 



mit. LETB&VRN. 
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Figures in the Marghts Omitted^ or Mtfphced. 

rage 7,Againft/ni3/.L put W^.VIIL and againft Fra6.IL put FjgJX. in the Margiiu. 

Page 9. Againft ProbLV. put Ftg. XIIL in the Margin. 

Page 20. For F<g. XXXIV. put Ftg. XXXVIL in the Margin. 

FUge 5o..For'F(g. VL put Ffg. XIL in the Margin. , 

Page 2 9^ 90. 91. Fr^. XXXI, ill the Margin, muft be F/^. XXXII. 

Page 274. Fig, LIII. in the Margin, ts omitted 

Page 28$, and 28^. for F^^. LIX. read F/^. LVIIL in the Margin. 

Page 59*. The three laft Lines are thus to be read : 

{9 A.C . ^ Ohc Right Angle, and Two Acute. 

B D C Shath ^ Two Obtufe, and One Right. 
CD E.' ^ Oae Obtufe, and Two Acute,. 

con;- 
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Part I. 



o F 

Pradical Geometry. 

THIS Firft Part confifts only of fach DEHNITIONS, 
PROBLEMS and THEOREMS, GEOMETRICAL, 
which of Necefllitjr ought to he underftood and pia- 
diced, before &rther Progrels be made in any other 
Mathematical Science : And fo I willoegin It with ths& following 

Geometrical Definitions. 

I. 4 Point is that which hath no ?art. 

That is, it haih no Parts into which' it may be divided •, It being 
the leaft thing that by Mind and Underftanding can be 
inaagined or cohceived 5 than which there can be nothing ^ 
lefs ; As the foint in the Margin, noted with the Letter A ^ 
over it : It being neither . ^antiry^ nor any Part of ^an- $ 
tity 1 but only the Term or End 01 ^antity. 

B II. iJ 



9 Qavis Mathematics^ 

N 

II. A Line is a Lcfiith wthout Breadth \ as the Une A Bl 

A-^ ^ B 

Unto ^¥a/r//(y there appeuain Three Din/a^Msj, viz. L^/^ 
Breadth and Dfjpr^ ( or Tl^/Vihr^ of whtcti) a lJ)«r is thefuft; 
and hath Length only, without Breadth or Tbick/iefs ^ as the L/>rr 
CD, E F 

CI —I r- ID 

which may lie divided into Parts •» either Equally^ ta tbe Point E^ 
or Unequally^ in the Point F. 

IIL The Ends, or Ltorits^ ef ^ ^^^ ^^ ^^J'^^s G ■ R 

For a Line hath its bttinning from a Fomt^ and likewife 
endeth ImFoint: SotheF#/»r^ GandH aie tte Ends of the 
JLf /nr G H, aiid are no farts of k. 

IV. A RigW Line /x that which lyeth Equally between its Points* 

Or, it is the Sbarte^ Didame that can be drawn between ?oint 
and Point ^ fo the fi/^2^/ line G H, is the Short efi Difiance be- 
tween the Points G and H. 

V. Parallel (dr Eqmdij^ant} Ri^t Lines ir$ Jnch^ tdbich being 
drawn upon the fame Plain^ and infinitely produced^ vaouldne^ 
ver meet. 

And fiich are thefe Twa A--. ' E 

Unes^ A B and CD. c p 

p 

Yl. A Plain Angle u the Inclination (or Botoing) of Two Right 
Lines, one to the other^ and the one touching the other ^ and 
not being AreSly jjnnett together, 

fig. L So the Two Lines A B and 6 C incline one to the other, and 
touch each other in the Point B \ in which Point (by reaibn of 
the Inclination of th& laid Two Lines) is made the Angle A BC ^ 
But if the Two Lines which incline one to the other, do (when 
they meet) make on6 Streight Line^ then do they make no Angle 
at all : As the LinesY) £ and EF incline one to the other, and 
meet each other io the Point E, and yet they make no Angle. 
4 An4 
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Geometrical Vefiniims. J 

And het^Notf^ That an ^/If (genaalljr) is noted with T&r^/ 
Letters^ of which, the middlemoft Letter reprefents the 
Angular fo'wt:^ fa, in this A^le ABC, the Letter B de- 
notes the Angular Point. — And of Angles there are Tkee 
Kinds -, viz. Righf^ Acute and Obtufe. 

VIL When a Risht Line Jimding upon a Ri^ht Line maketh the 
Aogles on either Side thereof ^x^Uy then either of thofe Angles 
H a Right Angle ^ and the Right Line tobich Jlandeth ereffed is 
called a Perpendicular Line to that Lin^ upon which itftandeth. 

So upon the Eight Une C D, fuppofe there do Hand another Fig. IL 
Eight Line A B, in fuch fort, chat it maketh the Angles ABC 
and A B D (on either fide of the Line A B) equal \ then are ei- 
ther of thofe Angles^ A B C and A B D, Eight Angles ^ and the 
Line A B, which flandeth erected upon the Line C D, (without 
indining on either fide) iszPerpen^cutar to the Line C D, 

VIIL An Obtufe Angle is that which is Greater than a 

Right Angle: 

So the Angle C B E is an Obttefe Angle^ it being greater than 
the Right Angle A B C, bjr the Quantity of^ the Angle A B IE. 

IX. An Acute Angle is that which is Lefs than a Right Angle. 

So the Angle £ B D is an Acute Angle^ it being Lefi than die 
Eight Angle A B D, by the Qpancity of the Angle A B L 

X- A Limit ^ Term is the End of any thing. 

Forafmuch as there is no ^antity (or Magnitude) of which 
Geometry treateth, but it hath Bounds or Limits : And as Points 
are the Bounds or Limits of Lines^ fo Unes aie the Bounds ox Li- 
mit^ of Plains or Superficies j and Plains (ox Superfyies) of S(^ 
lids (Qt bodies.) . • '^ 



XL A Figure is that which is contained under' One Term, 

or Limit ^ or Many. 

So A is a Figure contained under one Line or Limit .• B is a Pig. IIL 
Figme under Three Lines or Limits: C under Pour : D under 
five. t!fc. which are their refpe^ve. Bounds or Limits. 

A 2 xn.il 
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4 Clavis Matbematic<e* 

XIL A Circle is a Plain Figure contained under One Line, vMch 
ii called a Circumference or Periferic •, unto which all Right 
Lines drawn from one cirtain ?Oint whhtn the Figure unto the 
Circumferencej are equal one to the other. 

f(f • IV. So the Figure BCD contained under One crooked Line, is a 
Grcle^ whole Circumference or Periferie is B C D. In the mid- 
dle whereof there is a Point A^ from which all the Right Linesy 
A B, A C, A D, being drawn to the Circumference BCD, are 
Eaual. And that Point A is called the Centre of the Grcle 
BCD. 

XIIL The Diameter of a Circle is any Right Line drawn through 
the Centre, . and ending at the Circumlerence on either Side^ 
dividing the Circle into Two Equal Parts. 

Vig. V. So the Line E K F is a Diameter^ becaule it pafieth from the 
Pouit E of the Circumference on the one Side, to the Point F on 
the other Side*, and. pafieth alfo by the Point K<^ which is the 
Centre of the Circle : And moreover, it divideth the Circle into 
Two equal Parts^ viz. kito the Part E G F above , and E H F 
below, the Diameter •> which Two Parts are termed Semicircles. 

XIV. A SeCkion, Segment or Portion, of a Citde, is a Figure 
contained under one Right Line, and a Part of the Circumfe- 
lence : Greater V Lsfier than a Semicircle. 



So the Right Line L M divideth the Grcle E G F M H L in- 
to Two unequal SeSions \ namely, into the SeQion L GM above^ 
Greater^ and the SeffionL H M below, LeJJer^ than a Semicircle^ 

XV. The Semidiameter of. a Circle, is fyalfoftbe Diameter 

of, that Girtle. 

SoKEorKF ^ditQ Semidiameter s of theC/n7^t(iF!f:/ Artd 
io is any Right Line drawn from K the Center to the Grcumfe- 
rr/?^^^.wfcich Lines are fc^uently called xh^ Radius oi.xh^ Circle^ 
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Oeometricai Definitions* ^ 

XVL Right Lihcd Figures, are fuch Figures as are contained ufi* 
^^r kight Lines^ of which none can conjijl of /efs ihan ThxQo; 
andth^e are called Tiilaterals, of* Triangiei. 

And Triangles arc denominated partly frbni the Differences 
of their 5iV<fx, and partly from the Uifferences of their Angles : 
As for the Differences of their Sides, they may be, (i.) Ail Equal, 
and fuch z Triangle is called an Equilateral Triangle^ as thefi^, VP* 
Figure N. Or, (2.) Tvoo Sides may be Equal, and the third an- ' 
equal j and luch a Triangle is called an Ijofceles Triangle, as the 
the Figure O. Or, (3.) All the Three Sides may be unequal^ and 
fuch a Triangle is called a Schalenum Triangle^ as the Figure F. 
And thefe are the DiftinSions in relation to their Sides. 

Now for the Diftinftion of Triangles in relation„to the}r,4ag^i'-> 
they are Three alfo : For, (i.) iFa Triangle YavtOne Right Angle, 
it will have Two Acute ones, as the Figure CL, where the Angle 
at A is a Right Angle, and the Angles at B and C are Acute^ and 
foch a Triangle is called Orthogonium. Or, (2.) If the Triangle 
have all the Angles Acute, as the Figure R ; all whofe Angles at 
D E and F are Acute •, fuch a Triangle is called an Oxogonium 
Triangle. Or, (5.) If thQ Triangle hzve One Obtufe Angle, as the 
Figure S, whole il;7^/<? at I is Obtufe, and the other Two at G and 
H are Acute -, fiich a Triangle is called Amhligcnium: And thefe 
are the 'Denominations in relation to their Angles. 

XVII. 0/Four-fided Figures f^r Quadrilaterals j ^ Quadrat, or 
Square, is that vshofe Sides 'are Equal, <2/7^ Angles Right* 

And as Triangles have their various Denominations ftom the 
Species of their Sides and Angles^ lb have ^adrilateral Figures 
auQ. For, (i.) If all the Sides be £^;/j/, and all the Angles FtgSlX 
Right Angles, as the Figure (X fuch a Figure is called a ^//4- 
drat or Square. But, (2.) If of the Four Sides, Two be longer than ^ 

.«the other, each to its-Correlpondent (or. Oppotitej and ihe ^>9- 
^/^i'all R/^fft/ Angles, as the Figure P^ fuch a F/^i/r^ is called a 
Parallelogram^ or JL?;?^ Square, f and fometimes^ a ReQangle. But, 
C3J If all the 5/W^j^ be £^j^tf/, but the -d;7^/<fj Unequal, that 
is. Two Acute, md Two Obtu/e, eachtohisCorrelpondent fas the 

* Figure R ^ fuch Figure is called a Rhombus or Diamond Form. 
And farther, (^4.^ If fuch a Figure have T«?^ 5/rf^j Longer, and 
Tw(? 5/<&x Shorter j.and alfo TtO(? J/r^/w ilc»/f, and Two Obtufe, 

each 
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each to it oppofite conefpondingi as die Finte (X,\ ibch a Ef- 
gure is callea a Rbomhyades^ or Diamond-Iika fiffxtc Biity 
f 5J If S^adriUteralFtgwrts have all their Sides^ and all their 
jd/p^/^X) Unequal^ as the Figures Sand T\ fuch fiptrts ate called 
Trspcjsia^ oiTabk Forms, 
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PROBLEM I. 

l[o divide a Rjglit Line A B, into Two Equal Parts A £ ani 

B E, and at Right Angles. 

FraOice. T?^>y?> Open your Conapafles to any Diftance greater 
17 than half the Length of the given Line A B^ 

2. With that DHiaoK ftt one Foot in A, and with the other 
defcribe the oblcure Arch b c^ — ^and fwith the fame Diftance) 
One Fool fet in B, wkh the other d^ibe the oblcuie Arch dfy, 
CTpffii^ the fecmer Archin the Points C and D« 

3. Through the Pdms C and D, draw a Right Line C D, 
which will diTide^ the given Lifie AB into Two Eaual?arts in 
the Point £, and at Right Angles. The Angle A E C on one 
Side thereci^ being equal to the Ai^UC E & on the other Side. 

P R O B. L 

tjwf any Point (as O) taken in the Right Line Q. R, 

to ereS a Perpendicular OS. 

FraSiee. JH^^^fi^ Open the Compaf&s to any fmall Diftance ^ 
IT and letting one Foot in the given Point O, W;ith the 
ether Foot make Marks on either Side c^O, as at T and V. 

2. Open the Compafles to any Diftance, greater than the for- Ij^. VIH.. 
mer ^ and letting one Foot in T^ with the odber defcribe the Arch 
b h. ^Alfi>9 with the fame Diftance, let one Foot in V, and 
with the other defcribe the Arch g g^ aofRng the former Arch 
if i^ in the Points. j-Draw 
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$. Draw the Line S, and it will be Perpendicular to die 
given Line Q.R. 

P R R III. 

tirom the YiA.ofa Line X Z, to ereS a Perpendicular Z A. 

Wig. X- ^raUice. T?M> The Compalles being opened to any finall Di- 

1/ ftance, let one Foot in Z, and vvith the other de- 
fcribe the Arch BCD, and upon it (ec the £ime Diftance fipm B 
to Q and from C to D. 

a. The Compafies ftill continuing at the fame Diftance, iet 
one Foot in Q and with the other d^fcribe the Arch F D : Al(b 
fet one Foot in D, and with the other defcribe the ArchCE) cut- 
ting the Arch D F in A. 

3. From Z draw the Line Z A> which will be ferpcnduular 
to the Line XZ. 

PR o a IV. 

Another Way to eteQ a Perpendicular u^on the End of a Line. 

Bg.YtX. Prailice.Tr^Irft^ With any finall Diftance of the Compaffes fet 

17 one Foot in H, and with the other delcribe the Arch 
I K) and fet that fame Diftance from I to K. 

2. Upon K (mth the fame Diftance) defcribe the Arch I L 
MN. 

3. UpcHi this Arch fet the fame Diftance from I to L, from 
L to M, and from M to N. 

4. A Line drawn from H, through N, fhall be Perpendicular to 
the Line G H. 

A Third Way. 

fig. Xn. r* T^ H E CompafTes opened to any fmall Diftance, fet oije 

X Foot in O3 and pitch the other Foot down at Plealiire) as 
zt<Xs and one Foot retting upon CL*) turn the other Foot about, 
till it crofs the Line P O in S, and alfo defcribe the fmall Arch 
b a. 

2. Lay a Ruler from S to 0.? and it will cut the Arch bavaK. 

3. A Line drawn from 0, through R, ^\lh^^ Perpendicular 
to P O. — --' 

PROB. 
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P R o B. V. 

from a given Point ahme^ ai P, to lit a P^otfodicular fall upon 

a gfoen Right Line uMer it^ NO. 

IN the Performance there are Two Varieties: For, (\.) The 
gjiveii Point may be fcitaare over (cft abolit^ the Mfddte \ or 
over for near^ the End of the given Line 

fe the flrft Cafe. 

Praffice.T ET N O be the Right Line given; and let P be 
JL/ the Point above, from whence the Perpendicular 
is to be let fiilL 

1. Open the Compafles to a Difiance greater thanis the near- 
eft Diftance between the Point sibove P^ and the Line upon which 
the Perpendicular is to fall ^ and with that Diftance, letting one 
Foot in P, with the other delcribe the Arch of a Qrde, which . 
will cut the given Line in Two Points, R and S. 

2. Divide the S];>a€e between R and S (t^ the firft PtoblJ into 
Two equal Parts in the Point Q^ then wiU a Right Line, drawn 

ftom P to Q., be Perpendicular to the riven Line N O,, Ff^.XlH. 

TNote^ To avoid the dividing of the Space between R and S in- 
to Two equal Parts, to find the Point (I, (if you have room 
either above or below the given Line) you may fct one Foot 
of the Q)mpafles in S, and opening the other to any con- 
venient Diftance, defcribe an Arch y y 5 and rentoving the 
Compailes to R> defaibe the Arch z z^ eroding the fermer 
in A V and lo, a Line drawn from A, through the given Point, 
(hall be Perpendicular to the given Line NO. 

In the Second Cafe. 

Let V be the Point given, E^.XIV. 

Praffice. T^JrJi^ From any Part of the given Line N O, as from 
r T, draw a Right Line to the given Point V, which 
divide into Two equal Parts m X. 

2. Set one Foot of the Gompafles in X-, and with the Diftance 
X T, delcribe the Semicircle v P T, cutting the given Line in O, 
fo (hall O be the Point in the Line N O ; ftom which, tfyou draw 
a Line to V. it will be Perpendicular to N O. 

C PROBL 
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PROB. VL 



Unto a given Right Lioe ? (X^ fo draw another Right Utie S T^ 
uihich Jhall be Parallel toit-^ and at the Diftance of the gi- 
ven Line M. 

Fig. XV.| Praffiee. T? W?, Take in your Compafles the Length of the given 

r Line of Diftance M. 
a. Set one Foot in O, ( near to one end of the give Line P QJ 
and with the other deicribe the Arch tt a: Alfo, upon the Point 
L, ( near the other end of the given Line ) deicribe the Arch 
bb\ then^ 

3. By the Convexity (or Tops) of ^thofe Two Arches, if you 
draw a Right Line S T, it will be Parallel to the given Line 
P Qo and at the Diftance of the Line M. 

PROS. VIL 

To a given Line V W, to draw another Right Line Y A, txihich 
Jhall pajs through a given Point R^ and Parallel /c. V W. 

r 

R^.X VL ProQice. T^IrA Set one Foot of the Compafle* in the pven Point 

JT K) and with the other deicribe the Arch ^ ^ fo that 
it niay only touch the given Line V W ; and with the lanie Di- 
ftance, fet one Foot in any Point of the Line V W> as at X, and 
witli the other deicribe the Arch d d. 

2. A Line drawn throu^ the given Point R, by the Convexi- 
ty of the Arch d d^ as the Line Y R A, that Line (hall be a Pa* 
rallel to the Line V W, 

PROB. VIIL 

AJecond Wiy to dram a Line Parallel to a given Line A B, vibich 

Jhall paJs through a given Point P. 

R;?. PraSice.rr^Irfl, With the Diftance P A, "upon the Point B, de- 
XVIL Jr fcribe the Arch e e. 

2. With the Diftance A B^ upon P, defcribe the Arch //, aof 
fing the Arch e e in the Point C. 

3. A Right Line drawn from the given Point P, ihrqugh C, 
ftiaU be P jrW/^/ to the given Line A B. ;;PROR / 
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"Gnmetrkal Problems, ii 

p R o a IX. 



• I 



To make an Angle D F E, equal to a given Angle ABC 



I 



• • • » 

l^raSice. T?I^, Upon the Angular Point B, at any Piftance, de- fig. 
JT fcribe an Arch ^ ^. Then, XVIII: 

2. Having dnmrn another Une, as F E, 'upon the end F (with 
the lame Diftance^ delcribe the Arch hh. 

3. TakWtheDiftaace^ ^ inyour Gbttipafles, and let it from 
h to &.- Thev . : .r 

4. A Line dtMmTrom F through h^ as F ft D> (hall make the 
^;:^^/^ D F £ ^t»al to the il/(f /r A B C. 

7o divide an AnjgleGHiHiVip Tw Equal Farts. 

VraSice, 17/r/?, Upon the Angular Point H (with any Diftance Ejf-XlX. 

3l of the Cjompafiesj' defccibe.an Arch cutting the 
Two Sides, containing the Angle, in the Points & and x. 

^% The t)ompafle8 opened tt> the lame (tk^ ^^^^ DJftance, 
iet one Foot in h^ and with the other defcribe the Arc's k k ^ and 
f with the fime Diflance^ 9ne.Foot fet in r, defcrite the Arch, i /, 
crofRng kk\n the Point L . 

3. Join H L) und fe is^the Angld'G HK divided into Two 
E^i^tf/ P^r/x, by the Line H L. :r^. dt 

^ ^t^co r(7 <ft;/^ ^ ^en Right Liile <M N^ into wiy^ Number of 
' ^ ■*' ^ ' - Equal f art* y iSaJkl^^ . :! . : . \ 

.1 U;l J (I ^',- I r ...J J. ., . 

Praffice. T^Irfl^ From one end of the given Line, asN, draw the kv yy 
Jr Line N O aVPleafi*/ litflif g the Angle O N M. ^' ^* 

2. Upon the Point M (by Prob. IX.) make the Angle N M P 
eJqual to the- Angle O N M ^ or (by;ftok-Viil;) '3&cMJgh* the 
Point M, draw the Line M P Fatallel'^ «>.|he Line O N- 

3. With any fmall Diftance of the Compaffes, one Foot be- 
ing fer'in.N^ ruh <iver Iib/«r:6rtbofdDiftaii^ei^D6|i,lfa^ ^ l 
at the Points i, 2^53, 4. — Dothe Hkeupoo th^LineMJP : Then, ,. .: 

C 2 *, 4. If . 



i 

J 
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4. If vou draw the oblcure Lines i 4, 2 3, 3 2, and 4 r, 
they will crols the gWen Line M N in the Points dy c^ by a^ di* 
vidiog; it into Five Equal Parts, as was required. 

PROB. XIL 

TolmaJke an Equilateral Triang][e A B Q vkofe Sides Jhdl 

be E^ud u a given Line 0« 

% PraSice. TW >r Ake the Side'B C caual to the given Line O, and 
^^** iVl with the lame Diftance of the ComvaSStSi fct-. > 

ting one Foot inB, with the otho:* defer ibe the Arch m mi ziifj 
let alfo on C, deicribe the Arch / /, croffing the iornier Arches 
in A : Then join A B and A Q fb have you conftituted a Tri- 
ang/e ABC, whole Three Sides are feverally equal to the given 
Line O. 

PROB. XIU- 

Ta mke a Triaiiglc G H K, vibe/e Tbtec Sides fi'all br Equal to 

the Thiee giotn Right I^ies D^ £j F. > 

; • . . 

¥tg. VraSue.T;M, Make. the iLindG H equal to thegiy^r Une 
a. Take the giveir line E in D 



your CompafleS) and letting one £ 

Foot in H, with the oAer de-. F* > ' ■>■ t -' — 

ftribe the Arch n n. ^ ..i : .. ? : .f ; i 

2. Take the Line F in your G>mp^fles ; and letting one Foot 
in G, with the other defiribe in'Artti'^ o^ crofiing the former 
Arch in the Point K. 

4« Jou) G K and H K ^ fb ihall you have conftituti^ a Trian- 
gle ^^ whofe Three.Stdts .GR'. R Standi (^ K, are equal to the 
Three given Lines D E and r. 



^ .^ ^ .^ v.^.. . . -J 



[ 



Ti? miilr^a GeCnaetifical Square B C D E, whqfe Sides Jhall be 
'' w .: /. ' iquai fa. ihe given Un^ ^. 

XaiII. 1/ ' equal to the givdn Lice A., and on one End thereof. 
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Oeametrical Frobkms. yx 

is onC (by Prob,IV.) ere£k the Perpendicular CD, equal alfo t6 
he Line A. , • 

2. With the fame Diftance of A, fet one Foot in B> and with 
he other d^Icribe the Arch a Oy and on D, and delcribe ti^ ' 
\rch b by crofling aa \n the Point E. 

3. Join B E and D E^ which will conftitute the Geometrical 
Square B C D E 



PR OB. XV. 



/ 



XXIV. . 



To make <i PsnaUelogram 



iraSlce. T?IrJt^ Make the Line G H equal to the given Line F, Eg. 
Ml and.oatbeend H, (by Prob; IV.) ercft the Perpen- XXr 
.wutar H I, equal to the given Line E 

2. With the Diftance of the Line K^fet one Foot id G^ and 
^ith the other defcribe the Arch c c^y and with the Diftance of 
cheLine F, with one Foot in I, defcribe the Arch JJ^ croflbg 
. r in K. 

3. Join I K and G K, and^lb have you fonnod the tarallelogc^^ 

S.ttl K, wfaofeSi^ are equal, to the given Lines £ and F. 

i * • 

PR OR xvr. 



XXV. • 



>maki a Rhombas, M N O F, m>oje Your Sides Jhdt he equate 
: , to a given Une L. 

tv . :^^: . - ' ' 

ProSice. TJ*y?i Make M N, Cfor onie Side of the Rhombus) e- p» 

1/ qual to the ^ven Line L^ and with that Lengthy let vv^ 
eneFoorof ihe Compafies in N, and with the other deicrioe the 
AxchUO?Q, 
2« Set the ^noe DMtance upon this, ^A^ frooi H to O, and 

front O to F. 

3. Join M Oi^ OP, and P N, fo (hall you have conftituteda 
Rbemus^ whole Foot Sides are allequal to the given Line L. 



PROB, 
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PRO a xvii. 

£0 make a Rhomboyades C D E F, o*^ Sides :^tffl he eaual /ei 
Tm given Lines A ani B • and the Acute Angles tberecfCand 
E> equal to a given Angle Z. ,. 

F/>. VraSice. T?Irfi^. Make the Side of the Rhomboyades C D equal 
^ aVL -T to the Line Ba 

2. On the endC, (by Prob, IX-V make an Angle F C D, equal 
io the gfveii Angle Z •, and the Si& C F equal to the given Line A. 

2. Upon the Point F, fwith the Length of the given LincB; 
defcribe an Arch 6 /; i and upon D, ( with the Diftance A ) de- 
fcribe the Arch g g^ aoffing hbin the Pomt E ' 

4. Join F £ and D E, and lb have you conflituted a Rhombo- 
yades^ whole Sides are equal to the Lines A and B, and its AcMte 
idng/es C and £, equal to the given Angle Z. 

PR OB. XVIIL 

* _ 

To make a Tcapezia H I K L, for VigUre of four tineqiial Sides) 
vohich Jhall have one Angle at. I, epiol. to given Angle G \ 
and the four Sides equal to Four (poffible) Right Lines given ^ 
viz, to the Lines O, P, E, F. 



fig. VraSice. T?^9 Make the Line H I (for one of the Sides of the 
XX VlL J? Trapezia) equal to one of the gi^ren Lines, as O. 

2. Upon the Point I (by ProK IX^ make an AmJe H I K e^ual 
to the given Atigte G, making the Side K I equd't6 the given 
Line D. 

3* Take another of the ^ven Lines in your Compafles (as the 
Line E) and letting one Foot upon H, with the other defcribe the 
Arch ^ k ^ alfo take the fourth given Line F, and letting one Foot 
of the Compalles in K, with the other deicribe the' Arch ;0 «r^ 
a(>ffing % kin the Point L. 

4. Join H L and K L ^ fo (hall you have conftituted a Trape^ 
sioy whole Four Sides are equal to the Four given Lines O, D, E, 
F^ and one of the Angfes^ viz. I, equal to the given Angle G. 



PR OB. 
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P R O B. XIX. 

To divide a Cirde A F C G, into any Number i?/*EquaI Parts j ' 

not exceeding Ten; 

FraSite. T?^» Defcribc any Circle, and crofe it wkh Two Dia* Eg. 

JT meters A C and F G, crofling each other at Ri^t XXVill. 
Angles (by Frob.1.) in the Centre E. 

2. Make A Band A D, equal to E F, and jomB D^ (b is BD 
the Third Part. o£ the Qrc/e* - : 
. '3. Join A and F-, fo will AE oe the Fourth Part. 
\ 4. upon H, and Diftance H F, defcribe the Arch F I, and joia 
F I i which F I is the Efih Part. 
. $. EF, E GL E A, E C, either of them, are the Sixth Part. 

6. H D or H B are the Seventh Part. 

7. Draw a Line from the Centre E through the Point M, ex- 
tending it to K V join K A, which be the Eight Part. 

8- Divide the Arch DAB into Three Equal Parts at S, and 
job S D, which will be the Ninth Part. 
J. E I is the Tf ;7/fe Part. 

P R Q B. XX. 

To any Three Points ^/w/?, A, B, C,. (which are not in one Right 
UneJ to find a Coitre O, upon which a Circle may bede/cribed^ 
which Jhall pafs through all the given Points A, B, C. 

PraSice. T^hfiy Set one Foot of Compafles in one of the given F/^. 

Jr Points, as in A, and extend the other Foot to ano- XXik* 
ther of the given Points, as to B, and on A, with the Diftance 
A B, defcribe an Arch of a Circle G F D. 

2. The Compafles open ftill to the fame Diftance, fet one 
Foot hi B, and with the other Foot crofs. the former Arch in the 
Points D and E, and through them draw the Right Line D E. 

3. Set one Foot of the CompafTes in the third given Point C, - 
(being ftill open to the forma: Diftance) and with the other Foot 
crols the Arch firft drawn in the Points F and G, through which 
Points draw thq Ri^ht Line F G, which will cut theXine D E in 
the Ppuit O*. which ts a Centre \ on which, ; 

■ 
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4. If y6u let one Foot of the Comrafles, and extend the other 
to aqy of the Thiee givea Points, the Ckde fo defoibed (hall pa& 
through all of them. 

PROB. XXI. 

Tvoo Points X dnd Y, within the Circle A B D being gtvin^ Jbon 10 
find the Centre of^ the Arch of a Great Circle A X Y L,* viineb 
JbM pafs through thofe Two given Points X and Y. 

Fif Dejnition. A Great Grcle <£ ibcSfbet^ej is fuch a Circ/r as di- 
Yvfv -^^ videtiitheS£6fr/orGAJ^i«oT»(^Efi8rtf/Pjr/x^ 

and To the Arch of a Great tircle defcribed upon a ?lain^ is fuch 
an Arch as divideth the Terijerie or Grcumference of the Ey/f<£f*- 
istr^;?/tf/ or Vrimitive Circle^ within which it is delcribed, into Two 
Equal .farts: 

Fraffice. T ET GBHDbea Primitive Circle given, whofe 
JLy Centre is C, and let the Two Points withm the 
fkme (through which the Arch of the Great Grcle is to pafs) 
beXandY. 

¥irft^ Through one of the given Points^ as X, and the Centre 
Q draw a Right Line XCE, extending it infinitely towards F. 

Secdndfy^ Upon this Line, fh>m the Centre d eieQ the Perpen* 
dicular C B, and fromB, through X, draw BXG^ and from G, 
through C, draw the Diametre G C H . 

Thirdly,, Through the Points Band H, draw a RightLine, ex- 
tending it till it cat the Luie X C F in R, fo have you found a 
Third rointj viz. R, through which the Arch of the Great Gr- 
cle muft pals : And now, having IT^ree Points^ X Y and R, 
you may through thtem (by the laft Problem) draw the Arch 
A X Y L R, whole Centre will be at K 5 and this Arch doth di- 
vide the Fr/«/>/w Grcle into Two equal Parts in the Points A. 
and L; And that it doth lo is evident -^ for that the Right Line 
drawn from A to L, "doth pals through the Centre C 

A Compendium. 

It will often fall out that the third Point R will fail verv re- 
mote from the Centre C of the Primitive Grcle^ notwithftand- 
ing (in all Cales) the Work may be performed without finding it 
at all. For^ 
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Having found the Points E and G, as befofe, take theDHhnce 
E B, and let i( upon the Grele from G to F, and from F let fall 
a P^pendicular to C E, as F O, extending it (if Need be) infinite* 
ly towards M ^ ifor in Ibme Point of that Line will the Centre 
he. And to find that Point, ; ^ i 

Divide the Line fnppofed bebveen Ittie Iwo given Points, X 
and Y, into Two Equal Parts at Right Angles, and that Line ex- 
t^ect v^^ cuf *tlf e Line O M in the Centre^ as here in K» as 

. ^j^i^r if Triang^ p £ F, /^ iftyr>*i^f If Circle/ 

^raSice. T?Irliy (by Prob. L) Divide any Two of the Sides of Fig: 

JT the TrMissf /r, as D£ and D F, each into Two equal XXXL 
Parts, at Ri|;ht Ateles in the Points G and H ^ through which 
Points the Lines k % and m m being drawn at R^t Ar^es, will 
crofi each other in the Point ®^ Wbicb will be t^ Qcntre of the 
QrcU. 

PROB. XXIH. 

WiUnn tf Triangle G H K, f^Infcribe a Circle. 

Prjfl?<:^. Tptflvide anyTwoof the AxgUs of the given Tr/j^- P^- 
IlJ ^/<^, as the Angles at G and H into Two equal XXXII 
P^, (by ?rcb. X.) by the Luies H O and G P, cToffing each 
other in the Vmnt 0, fer that Point (hall be the Ctntte upon 
which the Greateji QrcU ^that the Triangle is capable to receive 
muft be delcribedl - /' 
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L J/^RitShtLifie.^/tf//isr^%:3%i(7F^niIierR^ // 

maketh the AJternate Angles E^i^j/. 

'.' • * '- ■ r 

fig. QO the mghi Line P 0,^ felling upon tbe Two Parillel Right 
xxxill. i^ - Lines L Mand H O^^otfa nkke tbe Ah^nate Angles E^al. 
Asthe AflgteF:l?f'Msfwb NSQ^ ind PRL, 

eq&alto Q^&O,' JKdr/kk i; P;2^ * 1 

11. If divers Right Lineij hiutSjf tihe^ &ther Right Lines^ wi/Vfr 
jr^ Parallel one to the other^ the Segments are Proportional 

¥ii. Let the Two Lines kS and ]l^ T, be cut by the Four Parallel 
XXSV. 4ifl«a V^ X* Y, Z. 4;fij^ thei^ t^eiaier ^Segm^^R* and R &^ 
'» alfi> aH vA h a.|se pcopprtiosalpne to theotfair I'For if R a 
te on^tWrd Part pf Rt^K A M bp^npThiwTpf R^, f^fc. bf- 
caufe the Rigjte Lipp 4 X^ a^iti?ffr oft; ooi third, par? of the 5|>ace 
3S V. X.2;;i|jid:;0^rf<y§i^icuM^ off a thM P^ja /rorp. every 
Line drawn within that Space. ^ . 

IIL ^ Two Right Lines be nmltipHed into one another ^ there is 
made of them a Right Angled Parallelogram. 

fig. Let the Two Sides to be multiplied be A 7 and B p. If of the 
XXXV. I^jnes \^xA B, ^ re6tanglecl Farall^lcgram^ be madc^ it will be 
fitch a Figure as C D E F : Or, if A 7 ;)0d Fp, be multiplied 
eadi by other, the Produ£l will be 63, and fo many little Varal- 
lelograms are there contained in the larg^ Parallelogram^ 
CDEF. 
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IV. If Tew? Reftangjed FlgoreSj HTkaJeafOne of the Sides of that 
figurt\ andofiiny Two Se^cnts of the other Side dfthefamt 
Figure •, thofe Jtvo ftiV^Uetogfartns added together^ Jhali be^ifud 

* to thai Figure.; • ^ "' - ; ^-. ' 'r t Jj • • 

So if the -^araUalHrim Q L I M be made of the Side B 9y and 
a Segment of tlj^ o^her Side -, .noRipty, 4i that Tarallelcgram (hall 
produce 365 for p times ^}^.^* And if another Varallelogram 
fhail be madeipf the Whole Side B^y;a;]d the ot)ier Segment of 
the other Side A7,;naBieljr, 3^ they will prdauce the other Varal- 
lelogram L H M £ 27, Jor 3 tiniesi pi i$ 37 : And theie Two 
Parallelograms 3^ and ^7 added together, do make 63 equal to 
the firft. 

v.. If Vcur Right Ones b^ frifortHmiil^ {tbasit^ tu. tbefirfik to 
thefecond^ fo is^^H thiri to the fiiirtb ^ ^ the Right-a«ieled 
Figure ^made of the Two Means, (or Middle Terms) J^i«// 
he equal to the ReClangled Figure, made oftbeTwolExtj^m 
Terms.* - ' 

* 

Let there belbur Proportionals i as N 4, <f, P 8, o 12. I Vig. 
fey, that the ttight angled tigure R S T V^ made, of the^ Tveb XXXVI. 
Means^ O/, and r 8, (hall be equal to the ReUangled figure 
X X7jJf^\ made ^f the Two Extream^ N 4, 9nd (l,i2 : For, 
as i; times 8 is 48, fo^4 x\ro^ i%vs 48 alfi>. And fiooi hence will 
follow 






Numifrs) be propartionai \ if Three of 






The ReSangle Figure made of the Two Means^ being divided 
by one of the ^//^^rjiilrx.'tbe Quotient (hall be the oibct Extream. 

As tbe Rjtffdttgle Fi^;^r<r,'tnadfi of the Two Medns tfand 8, is 

48, thisdivided*1)y*4, th^ Ijjfer Extream^ ftiairgive you in the ' 
Q^pcient 1 2, for tho Greater Extreamj-^-^^--Ot^ if thp proportional 
T«rms givw Ittd been (bf Tranlpofition) 4, 8, d, 1 2, t& R^^j/i- 
^cfliade0fjbft.jAIgi?w,M,nd A.woulds.l^e 4^8 -.which divided by 
12, the Greater Extreat/t^ would give in the Qjiotient 4, the 
Leffer Extream. ^' • 
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CONS ECT AR T IL 
Uem:t a//p itfpUomtb^ that equal KeS angled Figure Sy hwetSeir 
\^v^i/lej( reciprocally proportional: That is, . ' i 

Fig. As the LeJJer Side of the Firji Figurey is to the Lej[ferSida of 
XXXVIjb^ Second Figure •, lb is the Greater Side of the Second^ to the 
'^ Greater Side of the Rr/?, 8C Contra; As i& tbe Equi-reliangular 
Figures R S T V, andXYZiEL appeaieth; Fop, 



AsRT;: istoXY 
Or, As X Y i is to R T 



YM t CO R & 
So is 13 :. 8> 
RS: toXZ 



4 6- 8 - la: 

VI. If Three Lmes or Numbeis Be proportional, (that is^ as the 
Krft is ia the Second, fo fhall the SeOoni ie A) a Fourth)^ tbi 

' Square made of /^^ Means^ it Equal to the Obloag made of 
/&r Extreams. 

As let the proportional NmnBers be4 : 8 : 8, the Proportion 
will be 

As 4 ; ^ to : 8 ;. : So js 8 : to 1^. 
. \: So th^Square of the Twy Means 8 is 154 : So alfo the Gbtot^ 
made or the Two Bxireams 4 in i^ is ^4 alio. 

VII. In a Plain Triangle, a Line dranm Parallel to the Bal^ cut- * 
teth the Sides thereof proportionally. 

Figi AsinthtPlainTriangie RTS (in the SchenK of die Second 

XXxiv. hereof ) if ^ d be Parallel to the Ba/e T S, it cutteth off from 

tfaeSide^R S one third Part» and itcuttetbfioiq the SideR Tone 

third Part alfi): And fotfaey IhaU be proportional by the fe- 

cond hereof Far, 

As R T ; to R S : : So is R r : to R ^; And 
As.R c : to tf T : : Sois R rf: to^S. AlTo^ 
AsRr:taRrf::Sois^T;torf&. 

VIII. ff divers Phin Triang^ be compared tciietberyAn Equf- 
aogied Triangles have the Sdes about (or contmnir^) the & . 
qual An^cs proporWofttt/ : AadthecomraryyBad. Lib. 6. P.4^ 

For Uluftration, !,;,:. 

fig. (I.) Let A B C and A D E be Tifo Plata and Equiaj^led 
^txxvU,Trianiles : So that tbe Angles at B and D, at A and A, and 

alia 
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ailb at C and E, be E^ua/xm to another, each to its ConeQx>n- 
dent : I lay, . the Sides about the Egud, Angles ate Froporti- 
onah For, . : .. . :^ . . 

1. As A B : is to B e ^ : So & A D : to D E. 

2. As A B : is to A C : : So is A t) : to D E; 

3. As A C : i^ to C B : : So is A E : to E D. 

D E MO NST R '±t iO N. 

(2.) Becaufe the Jj^Ies. B A C and P A E. are eq^ia}, ^there-^ 
fore if A B be applied to A D, then A C fliall of Neceffitjr fair 
in AE; and by inch Application f hall luch a F/^iv/r be niade. 

In which Figure^ becaule that A B and A C dd meet tcgether^ 
and alfo the Ang/^s at B and D, and at C and E, are Equal ^ 
therefore the other Sii/es B C and D E (hall be ParalM^ (ty the^ 
firft hereof). But in a plain Trlqiigle a Right Line, Furallel to 
the Bafe^ cutteth tlie Sides proportionally (by thefeventh hereof)-^ 
therefore in the Triangk A D E, the Right Line B C being Pa- 
raliel to the Bafe D £^ cutteth the Sides A D and A E proportl-^ 
onally \ and therefore it follows, x\ai 

As AB : is to A D : -/So is AJC ; to A E. 

(3.) Again, By the Point B let the Right Line B F be drawn 
Farwel tothe fi^ AE, and it fhall cut the other Two Sides, 
p A and D £ proportionally in t|^e Points B and F, (by the laft 
hereof) and the Proponion will be . ' 

As A ;B : A D : : F E : D E, or, 
A B : A D ; : B C : D E, 

For F E and BC are E^al^ (by the Jecond hereof). And 
fince it is that» 

As A B ; A D: r AC : A E, 

And (b B C to D E, they IhaQ alfo be^ 

As A C :,A E : : BC: I>E - 

\ • > 

For thoft Two Thi^gs^ which are ogreegMe tit^tbhrdj^gy. are 
ogreeable one tQ gmther : Tl^i^e it gcpepl]|^ &lW^^ -. - 
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(I.) As. A B : A D : ; 



BC; DE 

(a.) As A B- f-'A D' : : A C : A E . • 
(3.) As A C : A E : : B C ; p E ■■^- 

Of, by trart^fingthe Second zsA, ThirtFTer'n/S^.(^^^ Proportiai, 

thus* 

(l,) As A B : B C : : A D : D E 
(2.) As A B : A C : : A P ; A E 
(3.) As A B: 6 C ; ; A^ : P E 

* ' • ! * - • ' 

And thus k k (femonfiratedy that all Tlain lEgmafiglea Trla/h 
gles (as thele,'A B C and AD£ are) have their Sides com- 
prehoiding their Egua/ Angles^ proportional. 

IX. l^feviral Plain Triangles, (haw manyjoever) be compQund 
edy aid be cut by Fa^alld Right Lines, the^ IhterSegpiebcs are 
Proportional. As thus : 

Ejf . If the Two Triangles H F I and I F K be compounded, and he 
xxxviiL cut with the Para//e/ Unes G L M, and H I K, their Inter^ 
Segments arc proportional For, 

As GL: H I::L-M: 1 K- Ot, 
AsGL:LM:;HI :IK 

(Iff the feconi. andjevarth hereof) For the Tri angler f G L and 
JFHI vt Equmngkd^ (hythefofi hereof) bacaufe GLadd-HI 
are Varallel: Tberefttfe, ...'«.. 

As F L : F I : : G L : « r 

(iy ibefeventh hereof) but' (\>y the fame feventh hereof) 

As F L: F I : : L M : I X.' 

And thofe that are agreeable to a third, are alio agreeable be- 
tween themfelves. Thctefcare, . ;j ^ 

. As GL:HI : :L M : I K. 

yi. If any one Side i/'tf Plain Triangle be continued^ the outward 
Ansle (made by ioai Continuation) is equal to the Two inward 
^o^^fptJiieA^^ . i .; il 

IT . I£ in the Titan trianile^noi, tht Sid^ PW ttnfitoW 

yaSxsL Q^^ theoutward-dwfeOPafliaU be equal to the Two inward 

4;7^/^j,ONPandNOP: For, If 
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lf&<m tlrt Potot P, a Right Line P R, be drawn PartiM to 
N O, the ounvard Angle O P Q. ftall be compounded of the 
Angles OPR, andRPQi ^« *« AnglesR PaandRPO, 
are equal to the Two uiwatd Ao^e3 O N P and P. O N ; that 
^ t& Jay, tlsi/togle R.P Qi to the Angle ON P, and the Angle • 
Q ? jO.lt> .il»»; Angle N Q P, (fy tkjirft hereof) beCaufe of the 
i^fiintliek N itod' P R i and therefore the Af^fg O P Q. is 
«qail 16 the Two inv^ard and oppofite Jln£/es, O N P and NO P: 



^j .. 



XI. The Three Angles of evety Plain ^or Right Lined ) Triangle, 
. arc equnftt^ioo Right Angles.- 

As in the P/tf/» TnangUH ? (in the Diagram before of the F/>. 
tenth) I fiyi the Three J/?g^x NOP, O P N knd O N P, are XXXIX. 
t<^eibef equal to Two Riibt Angles-. 

For the Angles (how many Ibevcr) meeting in One PoiBt,= in<>ne 
and tbe/meviighttmt, are equal /o Two Right Angles. 

But die Three, Anglts N OP, O P N and O N P,. are equal 
to theTftr^^ Angles^ mectinein the Point P, upon the ^vo&Right 
Line N Q, For the Axgle O P N is common to both, and tha 
Annies RP CLand N O P Ciy the laft.J Therefore, the Three 
Angles N O P, O P N ad O N P, are Equal to Tew Right 
Atqlee. And vX>tA htefie wiltfolk># theie 

CO R L L'il RI E S. 

m * m 

I. That there can be byt 0/re Rdhfy or O^te Qbtufe^ Af^le^ in 
znyVlain Triangle. 
^« Aod.if Om^s|gi^beR#4^ or Obtufe^ the other Two iball 

be JScuie. 

3, That the 'third Angle of any Vlmn Triangle i$ the Comflcf 
ment of the other Txw to Two Rjghs Angles. 

4. That ViTm Triangles be Eqmanglei in any Tm of their 
ji^sr^Arx, thqr aifii wboUy £f iriij;s5f /ft/. 

Xtt In every Righ^angled Plain Trian^c^ The Sqxaxe:jnade of the 
Side which jMemkU) (or is oppofke to) the Right Angle, fiioll 
he Equal to both /^^^Sauares, tmch are made of the Two Sides 
which fubtend the Rigpt Angje. Eucl. Lib. i. Ft. 47. 

As in the Vlain Bight-angled Triangle S T V, Right angled at %-XL 
T i I lay, the Sides S T and T V, including the Right Angle ST V, 

are 
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'tK equal m Tower to the UypMenufe V S ^ that is, tte Squaret 
of the Si<fex S T and T Vj namely, the Smuares S W T ^ and 
V T B C, added together, are equal to the Square of die tfypo- 
u»it& \ Si tomt, the Square XYSV. 

For, if from the Rigbt Angle at T, bb let'&li dK Vemndicn- 
lor T A Z, then out of the ^uare X Y V S is made Tm EteS- 
eng/ed figures^ A S Y Z and A V X Z, the Reaangh (otOblong) 
A S Y Z equal to the Square $ W T iE, and the RgQatigle 
X Z V A. equal to the Square V T B C —And therefore the 
Square VX Y Z, compounded of thole Tmo Ohbngs^ is equal 
to the Two Squares VTBC and S TiE W. 

But that the Tm Ohlongs AZYSandAVXZate equal to 
the Squares SWT^and VTBC, fhall thus be pioved. 

}f Three Right Lines he Proportional, (as bjr the fixth hereof^ the 
Square of the Means h equal to the Obl<»g nude of the Two 
'Streams. 

But the Three Right Unfs S Y, (equal to S V) S T and S A, ate 

Troportional :, that is, 

As S Y (=«SV) : ST: : ST:S A: 

Thetefbfe the Square of S T is equal to ^ OMong made of 
S Y (=sr S V) and S A} for the Trianglet S TV and T A S 
ate Equiamgledy becaufe of the oooomon Angle at S, and the 
TvBo Right Angles at T and A: Therefore (iy the eighth hereof) 

As S Y : S T : : S T : S A. 

In the fime manner it i^ alio proved, that the Oblong V X Z A 
is equal to the Square VTBC: For the Triangles T S A and 
A T V are Equiangled, becaule of their common Anigle at V, 
and the Tno Right Aisles at T and A. Therefore, 

As S V : T V : : T V : A V. 

And fojfy the fixth hereof) the S^are ofT V is equal to the* 
4)Uof!£ Z X A V. Wbieb vm to be demonfireLted. 
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Hence it followeth: That^ 

If in a Right-angled Plain Triangle, ^/Ty Two Sides begiven^ the 

Third way be /aid to be given alfo. 

As if the Tcw7 Sides including the Right Angle T V 8, and p/^ xL 
T S 6 were given, ihtxi Squares 64 and ^6 added together, 
make 100 -, the S^«rar^ jR^^/ whereof is 10, for the T&W^/dfe (or 
Hypotenuje ) S V — On the contrary, if the Uypotenufe S V 
105 and one of the containing 5/V/^j T S tf, be given; fubftraft 
the Square of 6, vz-s. 3d, fronti the Square of 10, x;/-sr. 100, 
the Remainder will be ^4 5 the Square Root whereof is 8^ for 
the other containing Side t V. ^ 

XIIL Lf ^^ry Plain Triangle (iU well Right as Oblique angled) 
the Sides are in Proportion one to the other^ as are the Sines 
of the Angles oppojite to thofe Sides, & contra. 

D£i»fOJV5TKaTJOJV: 

Let the Triangle A B C, be inlcrlbed in a Circle^ and from the fig. XLI. 
Centre D, draw the Radii \i F, DE, DG-, bifeaing as well 
the Peripheries as the Subjtenies j and let there be aWb drawn 
the Radius D G. Now*, becaufe the Angle at the Centre E D C . 
is equal to the Angle Jn the Peripherie ABC, and CDF, 
equal to CAB (^ the tvoentieth of the third of Eucl.) There- 
fore fliall the Halves of the Sides be as Sines i and what Pro- 
portion the Side C A hath to the Side C B, the iame (hall 
the Sine H C, have to. the Sine C I : For what Proportion the 
Whole hath to the Whole ^ the fame fliall the Half have to the 
Half Which vooi to, bf demonjf rated. 

And firom hence loHow thefe 
CONSECTARIES. 

L If the Angles of a Triangle be given^ the Realbn' of the 

Sides » al/o given. • 
n. If One Side be given^ befides the Angles, both the other Sides 

ar£ alfo given. 

E III // 
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IIL If Two Sides of d Triangle bi given^ with an Angle oppo^ 
jite to one oj them^ /&^-Angle oppojite to the other of them 
is al/o Given. 

Theorems Extraordinary. 

I. If in a Circle Two Right Lines be infcribed, cutting each 
other, theReftangles of the Segments of each Line, are equal: 
And the Angle at the Point of Interfe£lion, is meafured by the half 
Sum of its intercepted Arches. 

IL If to a Circle Two Ri^t Lines be adfcribed from a Point 
without) the Refbngles of each Line from the Point afligned, to 
the Convex and Concave are equal ; And the Angle at the afljgned 
Point is meafured by the half Difl^rence of its intercepted Arches. 

I!L If in a Circle Three Right Lines Ihall be infaibed, one of 
them cutting the other Two: Then the ReSangles of the Seg- 
ments of each Line, fo cut, are direC^ed proportional to the Re^- 
angles of the reipeClive S^ments of the Cutter. 

iV., If a Plain Triangle be infcribed in a Circle, the Angles are 
one half of what their oppofite Sides do fubtend ; And if it hath 
one Ri^t Angle, then the longdl Side of that Triangle .fiiall be 
the Diameter of the Ciide. 

V. If in a Circle, any Plain Triangle be infcribed, and a Perpen- 
dicular be kt fill upon one of the Sides, fiom the oppofite Angu* 
lar Pouit Then, as the Perpendicular, to one of the adjacent 
Sides ; fb is the other adjacent Side, to the Diametqr of the cir^ 
comicribing Circle. 

The Etidoftbe l&rjl Farr, 
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S E C T lO N I. 

0/ Plain (or Right Lined) Triangles. 



c H A p: I.. 

DEFINITION S: 

OF Triangles there stte Two Kinds •, viz. Vlain^ (or Right- 
lined ) . and Spherical^ ( or Circular. ) Either of which 
. do coniift ofSix.Parfs^ nanaely, of Three S/^/^j, and 
as many Angles-^ but in this Place we. (hall only treat of th& 
flain. ' 

I. At Iain (6r Right Lined) Triangle con^fteth oflhree Sides^ fig, \, 
and as mam Angles : And fuch are the Two figures C B A andr 
C DB; in which, m the firft Bgure A B, B C and C A, are the 
Three Sides of the Tn'ang/e CBA; andCAB,.ACB and 
C B A, are 'the Three Angles of the lame Tr-iangft C B A. 
•If And Note here] That an Angle (in any Cafe) is always 
noted with Three letters •, the middlemojl whereof repre-. 
Jfents the Angular Point. ^ €o in the Triangle A B C, if I" 4 
' would exprefs the Angle at C, 1 would lay, The Anglf. 
AjCBj or, The-d»^/rBCA. • * 
Alfo in the fecond ^gure D B C, the Lines D C, D B and CB, 
are the Tliree Sides of the Triangle D B Cj and the Angles 
B D C, G B D. and B C D, at^ the Angles^ of ;he lame Tri- 
Mlgle D B C. 
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Fig. 1. 11. A^ Two. Sides of a Triangle^ are called the Sides of that 
Angle contained by (or comprehended between) them: So the 
Sides B C and C A are the Sides containing ihi^Ajigle B G A. 

III. ^very Side of a Triangle^ is the fubt ending Side of that 
Angle which ii oppoj^te unto it. Asln the^Trk/?^ A,3-C^BC 
is the ftibt ending Side of tjnc* Ang/e C A B ^ the S,ideJR A fub- 
tends the j^g/e BG A. and the Side G A fiibtends th^ Angle 
C B A. 

IT And here Note again,] That the grfatefiSide^ always ^Jub- 
tends the great eji Angle ^ the leffer Side the lejfer Angle ^ and 
equal Sides fubtend equal Angles. 

IV. The- Meajure of an Angle is the Arch of a Circle defcribed 
upon the Angular Pointy and is intercepted between the Two Sides 
containing the Angle ^ (increafii^ the Sides, if Need be). So in 
the Trmngle ABC, the Meafure of the Angle C B A, is Arch 

y4f.ll. ^. Every Circle is divided into ^60 Degrees^ Hind every Degree 
-into 60 Minutes^ (or rather into 1 00 or 1 060 Pans, dfc.) Which 
Degrees are fo much the Greater^ by bow much the Grcle is 
Greater j and thofe Arches which contain the lame Number of 
Degrees in equal Circles^ are Equal: But in unequal Circles 
they are termed U^- Arches. So the Arches G F and D E aK 
Equal Arches^ they being equal Parts of the iame Circle DH^Pft. 
But the Arches G F and O P are Like- Arches : For, as C F is 
40 Parts (or Degrees) of the Greater Circle D E F C, Ibis OP 
4e Degrees of the Lejfer Circle ?OG. 

VI. A Quadrant (or Qparter) of a Circle^ is an Arch of po 
Degrees. As is thQ Quadrant (or Arch) H F. 

VIL The Complement of an Arch lefs than a Quadrant y is Jo 
much cu that A(ch xnanteth cf 90 Degrees. So the Complement of 
the Arch C F 40 Degrees, is the Arch H C 50 Degrees. 

VIII. The Excefs of an Arch Greater than a ^adrant^ isfo ma^ 
ny Degrees oi that Arch exceedeth 90 Degrees. So the Arch 
DHG being 140 Degrees, is the Arch H C, 50 Degrees more 
than the ^adrant DH. 

IX. A Semicircle is an Arch of 1 80 Degrees. As is the Semicir- 
eJe D H F. 

X. The Complement of an Arch lefs than a Semicircle^ to a Se- 
micircle^ isfo^much as that .Arch wants of i%o Degrees. So the 

- Complement of the Jrr& D H C 140 Degrees, to theSemiclrde 
D H E 180 Degrees, is the Arch C F 40 Dqgrees. 

3Ct. The 
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XL The (fpqfiie Angles made by the crojjmg of Ttoo Diameters Fig, IL 
in a Circle^ (or any Two other Right Lines cioflSng each other) 
are eauaL So the Angles C B F and C B E, (made by the In- 
terieaion of the Two Diameters D F and C E in the Center B) 
are equaL 

Xlt An Ajjffg/e is either Right or Oblique. 

Xin. A Right Angle is that whofe Meafure is a ^adrant or 
50 Deg. So the Angles H B D, and H B F, are Right Angles^ their. ' 
Meajures being the ^drants D H and H F. 

SCtV. All OMique Angles are either Acute or Obtu/e. 

XV. An Acute Angle ^ is that whoje Meafure is lefs than 90 Deg. 
So the Aiigles H B C 50 Deg* and C B F 40, are Oblique 
Acute Angles. 

XVL An ObtufeAngle^ h that txhofe^ Meafure is more than a- 
^adrant or $0 beg. So tlie Angle I) B C (coofifting of 90 and 
'50 Deg. viz. of 140 Deg ) is an Oblique Obtufe Angle. « 

XVu. The Complements of Angles are thefam^ as are the Com- 
elements of Arches. 

XVIIL 'All Angles concurring (or meeting) together upon One 
Right Lincy all of them being tqken together^ are equal to a Semi- 
circle^ or 180 Deg. So the Angle D B H jo Deg. H B C 50 
Deg. andCBF 40 Deg. (mad,e-by the concurring, or meeting,.. 
of die Three Lines D B, H B and C B^ upon the Diameter D F, 
in the Center B) are all of them Equal to the Semicircle D H C F, . 
or iSoDeg. ^ 

, ySUL A Triangle hath fome of its Sides Equal^ or elfe they be 
all Unequal. 

XSL A Triangle of fome Equal Sides is either Eqiucrural or 

CquilateraL 

XXL An Equicniral Triangle it that which hath onlv Two 
Equal Sties. And fuch is the Triangle D B Ej whofe Sides B D 

and BE are Equal. 

XXIL An Equicrural Triangle is Equi-angleJ at the Safe. So 
m the Equicrural Triangle B D E, the Angles B D E and B E D, 
at the Bate D E, are Equals viz. each of them 70 Deg.- for the 
Angle DBE being 40 Deg. that taken from 180 D^. leaves- 
140 D«. thehaU, whereof 70 Deg. is eqiial to the Angle BDE 
orD EB, and all the Three Angles equal to 180 Deg. or Two 
^ght Angles. * _ 

This is Demonftrated in the Xlth Theorem hereof. 

XXIlIv Ati^ 
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F/^. II. XXIII. An Equilateral Triangle, is that whofe Sides are all 
^ Equals and whofe Angles contain (each of them) 60 peg. So the 
Triangle £ B iC hath its Sides BE, B K and E K, all of thena 
cf{\xA ^ and the Angles E B K, £ K B and K E B equal alio, 
and each of them equal to 60 Deg. and confequently all of 
them equal to 180 Dcg. 

XXI V. A Triangle ts either Right Angled or Oblique Angled. 

XXV. A Right-angled Triangle, is that vahich hath one Right 
Angle. Andluch is the Triangle CAB, Right-angled at A. 

XXVI. An Oblique-angled Triangle ^ that which hath all its 
Angles Oblique. And fuch is the Triangle BCD. 

aXVII. An Oblique-angled Triangle, is either Acute^angled^ or 
Obtufe-angled. 

^CXVIIL An Oblique Acute-angled Triangle is that which hath 
all its Three Angles Acute. And fiich are the Triangles D B E, 
and E'B K, 

XXIX. An Oblique Obtuieangled Triangle is that which hath 
One Obtufe^ and Two Acute Angles. And fiich is the Triangle 
D B'C, whofe Angle D B C is Obtu/e, and the Angles B D C and * 
BCD Acute. 



C H A P- II. 
Of Right Dnes, applied to a Circle. 

TjOrafmuch as the Ratio or Proportion of an Arch Line to a 
Jr Right Line^ is as yet unknown, yet it is abfblutely neceflkry 
, that Rrgbt Lines be applied to a ^rcle^ for the Calculation of 
Triangles^ wherein Arch Lines come in Competition : For the 
Angles of Plain (pt Right -Mned) Triaj^les ZKWSgtxiTeihj Arches 
of Circles. 
Now, the BJght Lines applied (or relating) to a dyde^ are 
Chords^ Sines ^ Tangents^ Secants and Verfed Sines. 
fig.Wl. I. A Chords oiSubtenfe^ is z Right Line^ joining the Extremi- 
ties of an Ark, as A C is the Chord oi the Arks ABC and A D C. 
2. A Right Sine^ which is fingly called a Sine^ is a Right- 
Line^ drawn from one end of an Ari^ perpendicular 10 th^ Dia- 
meter drawn through to the other End: Or, it is half the Cfer^/ 
of twice the Ark 5 fo A E is the Right Sine of the Arks A B 
.and A D, The Radit^ ( or Sine of 90 Deg. ) is called rh^Whole 

Sine^ 
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Stne^ and is the grcateft of all Sines : For the Sine of an Ark fig.lll. 
greater than a Quadrant, is lels than the Radius ^ lb F G is the 
whole Sine or Radius. 

3. A VerfedSine is theS^ment of the Radius between the Ark 
and its Right Sine •, lb E B is the Verfed Sine of the Ark A B^ 
and of the Ark AG D. 

4. The Secant of an Ark^ is a R;]?&/ Line^ drawn from the Cen- 
ter through one end of an Ark^ till it meet with the Tangent .• 
That is, a K/]^2^r L/;?^ touching the Circle at the neareft ' end of 
that Diameter which cuts the other end of the Ark. F M is 
the Secant^ and B M the Tangent^ of the Ark A B^ or of A D. 

5. Th^Difference of an Ark from a Quadrant, (or po Deg.) 
whether it be Greater or Lefi, is called the Complement of that 
Ark *, fbG A is the Complement of the Arks A B and A G D, and 
H A is the Sine of that Complement .* G I the Tangent of that 
Complement : and F I the Secant of that Complement. All which 
( for Brevity) we write Co-Sine^ O-Tangenty Co-Secant of the 
Ark. 

6. The Difference of an Ark from a Semicircle (or 180 Deg.) 
is called its Supplement •, lb the Ark A B is the Supplement of the 
Ark D G A, to a Semicircle. 

J. That Part of the Radius which is between the Centre and 
its Right Sine^ is equal to the Co-Sine. As F E is equal to H A, and 
F O is equal to the Conine of the Ark D S. 

8. If an Ark be Greater or Lels than a* Quadrant, the Sum or 
Difierence, accordindy, of die Radius and Co-Sine^ is equal to the 
Verfed Sine : For F D and H A together, are equal to D E, the 
VerfedSine of th^ ArkDG A', and F B lefi by H A (orE F) 
is equal to E B, which is the Verfed Sine of the Ark A Bi 
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CHAP. in. 

Some Short Probkms, to mah Canons ^f Sines, Tangents 
and Secants. 

PR OB. I. 

T^^.Sine of an Ark heinggroen^ hoto to jmd out the Sine oj the 
Compkment. 

B C being given^ to find A C. 

^ig* IV» T> Ecaufe the Triangle A C B is a ReQangle ( by the Definition 
Jlj of z Sine) and the Sidqs A C, BC, are of the feme Power 
as the /iy/>t?/^;iri^^i that is, thQ Radius AB: Therefore, if the 
Square of the Sine B C be fubftrafted from the Square of the 
Radius A B, there remains the Square of AB, whofe Side is the 
Right Line A Q the Sine iought for. 

P R O R IL. 

The Sine of an Ark being given, and Vihewifh the Sine of the 
Complement, to find the Sne of halj the ArL 

R (X.<^nd A Q^ being given^ to find BO orKQK 

fig.y. As AB:istoBO, fois::BO : toBG; therefore BO will 
be the Square Side of the Phiafrom the Radius A B and B Q, , 
the half Verfed Sine. For aB, the Verfed Sine of the ilr^fe B R, ' 
is given \ becaule A Q, the Sine of the Complement, and A B^ 
' the Radius^ are given by the Suppofuion. 

P R o B. ni. . 

, The Sines of Two Arks, and the Sines of the Com^emems be^ 
ing given^ to find the Sine of the Sum* 

R Q5 Q^A, and S T, T A, being given, tofmd S P. 

fig.W. As AR is to R O, fo is A T to T.G, or C P. 
As A R is to AQ, fo is S T to S C. 
B T and C P together make S P, the Sine of the Sum of Two 
Arku PROB. 
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P R O B. IV. 

« 

The fame being given^ to find the Sine of the Difference, 

RQ.5 dA, anJS?^ P A, are given, to find ST. 

As A Q.is to Q.R, ib is A P to P O, from whence you mar 
find OS. AisARistoAa, folsOStoSt. 

To thefe join the Theorems. 

Theorem L The leaft Sines are^ alma/i^ in the fame Ratio as their 
Arks. 

This Theorem will be prov'd to be prue hereafter irt the' conti- 
nued BifeS^ions ^ but the leaft Arks are about one of the firft Scru- 
ples, or leis, and are almoft \n the lanae Ratio 2b their Sines^ 
becaufe they are^ ^moft, contiguous amongft themfelves, and al- 
moft of the fame Qjiantity, as it appears^ tho' not to every Search^ 
yet to a very profound one. 

Theorem 11. If the fame Line be cut into unequal Varts in Num- 
ber^ the Number of the Tarts of thefirjl SeQion^ is to the Num*^ 
ber of the fecond^ (reciprocaify) as one fart of the fecohdSeSion 
is to one fart of the firfi Sea ion. 

Divide the fame l^ine^ firft into Four, then into Three Parts ^ then 
It will be as 4 to 3, lb ;- Part to i reciprocally ; the Reafon is^ 
becauie 3 in 4^ makes i, and 4 ii^^ makes i •, and becaufe the 
Frodufh are equal, the Multiplicands will be reciprocally pro- 
portionable. 

The Conftruftlon of the Canon of SineSi^ 

The Sine of the whole Quadrant is call'd the Radius^ for it is 
the Semidiamcter of a Cicde. Set in the Canon a Radi/^ of 
! 00000 Parts, or, iooooccxd for Neceflity of Calculation •, but 
for the better making of the Canon take a Radius icoooo.00000 
Parts ; for by that Means, the Errors which oftentimes happen 
amoDgft the Right Hand Figords nuy iafely be cone£ted with^ 
out any Prejudice to the Canon. 

F 2 Then 
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Then bifeft the Quadrant, and look for the Sine of the Bifeg- 
ment By Prob. 2. and- its Co-fine by Pr^*. i. then bilefl: this Bi/eg- 
ment again, and look for the Sine of the fecond Bifegment by 
Vrob. 2. and the Co-^ne by Pr^*. i. then bifeft this fecond Bi/eg^ 
ment^ and look for its Sine or Cchfine by Pr^*. 2. and i. and 
then bifeft the third Bifegment^ t!fc. and continue Kfefting 13 
times, till you find a Sine of \^j^j^ Part of the whole Quadrant, 
as 'tis here fet in the Table. Now we come to the leaft Arksy 
where the Truth of the firft Tf?eorem is illuftrated : For as the 
Ark of the Quadrant \i.v-5^ is double to the Ark frs^r^ fo is its 
Sine almoil to that Sine. 



The Sine of the ^adrant. 
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This leaft Sine being thus found out, the Sine of one of the fig. VI, 
firft Scruples, that is, of .^-^^y^^ part of the whole Qpadrant, or of 
one hundredth part of a Degree ; that is, of j-— . part of the 
•whole Quadrant is to be found. Therefore by )£ifecond Theorem^ 
as 4A24. is to 8ip2, fo the quantity of the firft Part of this Divi- 
fion is to the quantity of the firft Part of that Divifion, and by 
the firft Theorem 5 fo is the Sine or4^y^ Part, which you have In 

the Table at the Sine of | Y_ part of Degree. 

Therefore the Sine of the firft Minute, or of the &ft hundredth 
part thus form'd by Frob. i. extraQ: the Sine of the Coitiple- 

"^, then by Trok 3. find 

I o'o 

out the Sine of the lecond Minute, and its Co-Jine by Trok i. 
and from thence you will find the Sine of the Sum of 2 Min. and 
I Min. that is ^Min. hy Frob. 3. and its Cojine hjProb. i. and 
from the Sine and Co-jfne 2 Min. or from the Sines and Co-Jines 
3 Min. and i Min, you may loolt for the 4th Sine by Vrob. 3. 
and the Sine of the Complement by Trob. 1. Likewife from the 
Sines and Cojines of 2 Min. and 3 Min. or 4 Min. and i Mdn. you 
may find the '^Sine and Co-Jine by Trob. 3. and i. ^c. even 

to ^ -r I o£ 1 Deg. and ftom the Sine of 1 Deg, you may by 

the lame means find all the^/'/r^Jof thepo whole Deg. and h<xti 
ibff Sines and Co-fines^ before found, of 5o fingle Minutes, it will 
be eafic by 34 Frob. taking the 4th Frob. too, when it will 
be uieftil, to extraSt the fin^ Sines of all the fingle Minutes 
interfpeK'd. 

A DeiuSion of the Tangents and Secants from the Tables oj Sinei 

The Tangents are made thus : 
As A C, the Co-fine^ is to C B the Sine:^ fo is A E, the Rj- Wg.W. 
iius^ to E D the Tangent. 

But the Secants thus : 
As A e, the O^fine^ iis to A B the Raim*^ fo is A E, theR^^ 
rf«r, to A D the 5^^j/rr. 

By this way the whole Canons of Tangents and Secants are ex- 
tralKed fi:om the Canon of Sines i 

,Tpafi 
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fig. VIL I paisley all Rules of Calculation, for I don't undertake to 
make new Canons •, forarmuch as ibme of the moft excellent 
Artifts, by thtiir Study and Induftry have fav'd me that Trouble^ 
it fufficiently aufwers my Defign, if the Reafon of Syntax^ what- 
. ever it be, be only underftood, and the Truth of the Numbers 
put in the Canon which the Propofitions above abundantly prove. 



C H A R IV. 

Of the Affeflions of Right-tined Triangles, i>t order to 
the Calculating (or Refolving) of them. 
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X. A Vlcin Triangle is contained under Three Right Line^ 
xY. and is either Right-angled^ or ObRque. 

2. In all Plain Triangles^ Two Angles being given, the third is 
alfo given ^ and One Angle being given, the bum of the other 
Two IS given ; becaufe. The Three Angles together are equal 
to Two Right Angles. By the 32 Pro. Euclide. Lib. I. and by the 
nth of Seft. L hereof. Therefore, 

In a Plain Right-angled Triangle^ One of the Acttte Angles is the 
Complement cf the other to $0 Dr^, 

3. In the Relblution of Plain Triangles^ the Angles only being 
given, the Sides cannot be found ^ but only the {R^afon^ or) Pro- 
portion of them : It is therefore necellary that one of the Sides 
be known. 

4. In a Right-angled Triangle^ Two Terms ( beGdes the Right 
Angle) will ferve to find the third; fo that One of the Terms 
be a Side. 

5. In Oblique-angled Plain Triangles there muft be Three 
Things given to find a fourth. 

6. In Right-angled Plain Triangles there are Seven Cafes^ and 
•five in Oblique: For the Solution of which, the Four following 
AXIOMS are fufficient. 



AXIOMS 
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A XI ME 1. 

In a Right-angled Plain Triangle: The ReSangk made of Bjtdiuf^ 
and me oj the Sides containing the Right Angle^ h equal to 
the Kedangle^ made of the other containing Side^ and the Tan- 
gent of the Angle thereunto adjacent. 

DEMONSTRATION. 

In the Right-angled Plain Triangle BED, draw the Arch F E ^ Eg. VIII. 
then is B E Radios, and D the Tangent of the Angle at B: Make 
C A mrattel to D E, then are the Triangles A B C and B D £ 
like^ oecaufe of their Right Angles at A and £, smd their common 
Angle at B. Therefore, 

As B A : B E : : A C : E D. 

And, B A in E D is equal to B E in A C 
That IS) B A in r B is equal to Radius in A C 
Which which was to be demon^rated. 

A XI ME II. 

In all Plain Triangtes : The Sides ,are proportional to the Sines of 
their oppofite Angles. 

DEMONSTRATION. 

In the Plain Oblique Triangle C B D, extend BC to F, making fig.\%^ 
B F equal to D C, and defcribe the Arches F ;G and C H^ then 
3te the Perpendiculars F £ and C A, the Sines of the Angles at 
D and B; and the Triangles B £ F and B A C are like, becaufe 
of their Right Angles at £ and A, and their conunon Angle at 
& Thereiore, 

As B C ; C A : : B F : F E. 

That fe, 

As B C : X D : : DC (equal to B F) : x F. 

Whidi was to be demonftrated. 

AX to ME. 
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A XIO ME m. 

In all Plain Triangles : As the half Sum of the Sides^ u to iheir 
half Difference-^ Jo is the Tangent of the half Sum cf their oppo- 
fue Angles^ to the Tangent of. their half Difference. 

Otherwife, 

In every Plain Triangle : As the Sum of the Two Sides^ is to their 
Difference •, fo is the Tangent of the half Sum of the Oppofite 
Angles^ to the Tangent 4 half their Difference. 

DEMONSTRATION. 

^if* X. In the Oblique angular Triangle ABC, let the known Sides 
be B A and B C ^ and the Angle A BQ comprehended by thetn: 
Where-it is Obtufe in the fuperior^ but Acute in the inferior^ 
Diagram. 

Continue the Side A BtoH*, fothat H Bmay beeoual to BQ 
. and join C and H, —and make B I eoual to A B : Alio, fiom die 
Fomts B and L draw the Right Lines B D and I G, parallel to the 
Side AG 

Then (hall the exterior Angle C B H be equal to the Two in- 
terior and oppofite Angles (by the 3 2/6 of the ift Euclid.) For 
the Angle C B D is equal to the Angle A C B^ and the Angle 
DBH, totheAngleCAB. 

(Moreover, from the Point B, let fall a. Pefpendicular B E, 
which fhall bifea C H at the Point E i then makhig B E the 
Radius, upon B, defcribe the Arch MEL. Therefore fliallCE 
be the Tangent of half the Sum of the oppofite Apples : And D E 
(to which F E is equal) the Tangent of^half their Difference. 

Now, becaufeAC, BD, andIG, ^xq Parallel^ therefore (hall 
C D, DG, F H, be Equal: As alfo, D F and G H: There- 
fore 1 fay, 

By Equality of Proportion : 

As A H, the Sum of the Two Sides, 

Is to I H, their Difference ; 
So is C E. the Tangent of half the oppofite Angles, 

To D E, the Tangent of half their Difference. 

Otherwife, 
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Orherwife, Bif-Via 

As tlie Sam of the Two Sides, 

Is to the greater Side doubled ^ 
So is the Tangent of half the Sum of the oppofite Angles, 

To die Sum of the Tangents of the half Sum, and half T>]S> 
rence of the Angles. 

Otherwife, 

As the Sum of the Two Sides, 

Is to the lef&r Side doubloU 
So is the Tangent of half the Sum of the oppofite Angles, 

To the Diflerence of the Tangents of the half Sum, and the 
half Difierence of the Angles 

AXIO MB IV; 

In all Plain Triangles: As tb'e Ba/e^ is to the Sum of the other 
Sides \ fo is the Difference oj thq/e Sides^ to the Di^fference of the 
Segments of the Bafe. , 

D E MO N STRATIO N. 

In the Triangle B C D, let fall the Perpendicular C A t extend Vh XT 
B C toF, and draw FG and D H. ^* 

Then is B F equal to the Sum of the Sides G D and GB ^ and 
H B equal to the Difference of thofe Sides ^ and G B is eaual to 
the Difference between A B and AD, the Segments of D j3, the 
Bafe : And the Triaiides H D B and B G F are like^ becaufe of 
their equal Angles at D and F ^ the Arch H G being the doable 
Meafure of them both: And theircommon Angle atB« 

Therefoite, 

As B D : B F : : H B : G B. 

• That ..is, 

As D B : F B (the Sum of the Sides) : : H B {the Difference 
of theSidesC B and C D) : G B (the Difference of the Seg- 
ments of d^ Bale.) 

« 

C AD' 
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ADVERTISEMENT. 



A Table to Reduce Sexagenary Mi- 
nutes^ to ilentefimal Ifarts ^ and 
the contrary. 




Cent* 

P'irts 



6exag. 
Mtnut. 



Cent. 
Parts. 



WHereas in this Part 
of this Book^ 
which treateth of Trigo- 
nometry, where the Afigles 
of Rightlined^ and the 
Sides and Angles of Sphe- 
rical Triangles are mea- 
fured by Arches of Cir- 
cles 5 and thofe Arcbesk 
are ufiially numbred (or 
accounted) by Degrees^ 
Minutes ^ Seconds , &c! 
Of which one Degree 
contains 60 Mittutes^ One 
Minute 60 Seconds^ &c. 
which is called the Sexa- 
ry Divijion of ihe Degree. 
Or otherwife, ^xrVegrec 
is fuppoffid to be divided 
into 100 or 1000 Parts 
which is called the Cen* 
tefimal^ Millefimal^ &C. 
Divijion^ (and is the bet- 
ter of the Two in tmm 
Refpefts.; ^ 

Now, whereas in the 
following Trigonometrical 
Calculations of this Book^^ 
and alfo in the other 
Parts^ (which concern the 
DoSrine of Triangles ap- 
plied to Prailice in fe- 
veral Parts of the Ma- 
thimaxickt) I have, fome- 
times, ufed ih^ Sexagena- 
ry^ and Ibnietimes the 
Centejimaly Way of D/- 

viditfg 
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viding the Degree : (Not that I intended to make a Difference^ 
{ox rather a Confufion, by intermixing them) but becaufe thefe 
ieveral TraSates were not written at the lame time, nor, 
at firft, intended to be joined together, as here they are : But 
fince it fo is, I have here (ifi the beginning) inferted a 4hort Table^ 
by which Sexagenary Minntes are Reduced to Cenfefimal or Alii- 
lejimal Tarts : And alio, Centefmal Tarts to Minutes and 5^- 
conds : So that when th§ Reader meets with either of them, 
in any Fart of thtfk TraSates^ he need not be at any Stand) 
(or Demurr about it) but readily know, to which Account it 
belongs, for the Manner of writing them will difcover it : So 
23.Ueg; 30 Min. is written as here; but the lame written 
Centefimalt^^ thus, 23.5 Deg, Alio 55 Deg. 45 Min. is written 
Sexagcnanly, as here, but the feme Centefmally^ thus^ %6.'^\ Dqg, 
or lAillefmally^ thus, 56.716 Deg. And lb of all others, asm 
the Table. 



C H A ?• V; 

0/ the Solation, Calculation, or Mcnfuratioh, of Right- ^ 

angled Plain Triangles. L . , 

IN Right-angled Vlaih Triangles^ I call thofe Sides ^ which ¥tg. XII. 
' comprehend the Right Angle^ the Ugs \ and the Side fub- 
tending the Right Angle ^ I call the Uypotenuje ; and the Trian- 
gle which I Ihall make ufe of in the Rejolving the Seven CASES 
following Ihall be that Diagram noted with M, in Fig. XII, Whole Di^am 
Sides ana A^les are, M. 

A B 235XX) 
Side ^ B C 274 P3 ^ Parts and Centefins. 
C A 142. 





90. 
Angles ^83 1.27 ^ D^ and Cent; 

58. 

CAS E I. T&^Legs A B and A Cgiven^ to find iheAn^e C Fig. XIL 

PROPORTION. ^^^ 

. As Log. A C : Radius : : Log. A B : /'C. [By AxL L 

G2 ' OPE' 
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OPERATION. 

As Log. C A, 142.73 Farts 2.1544844 

Is to Rad. Tang. 45 Deg. 10. ' 

So is Log. A B, 235.00 Parts 12.371 0^78 

To Tangent C, 58.73 Deg. 10.2165850 

Whole G>mpL 3 1 .27 D^ is the Angle at R 

fig.y3i.CAS E U. The Angles C and B, andthelsg. A ^ given > To 
Cafe IL M the Leg. A C. 

P RO PORTION, 
As Rad. : Leg. A B : : / B : Log. A C. CB7 Axi. I. 

OPERATION. 
As Radius, Tang. 45 Deg. to. 



To Log. A B, 235.00 Parts 2.3710678 

So Tang. B, 31.27 Deg. ^.7883^7^ 

To Log. AC, 142.72 Parts 12.1544657 

Kg. Xll.CA S E IIL The Hypotenufe BC, and the U^. A B given. To 
Cafe UL Md the Angle C • 

PROPORTIO N. 
As Leg. B C : Rad. :. : Leg. A & / C CBy Axi. H. 

OP ER ATI ON. 

As Hypo. BC, 274.53 a.43Pa537 

Is to Radius, Sine 90 Deg, jo. 

Sb is Leg. AB, 235.00 12.3710^78 

To Sine C, 58.73 Deg, 3.5(318141 

fig. XII. C J 5 E IV. The Hrpotennfi B C, tad the Angles B andCy gi-^ 
Cafe IV. ven i To Jind the U^. A B. 

PROPORTION. 

As Radius : Hyp. B C : : x C, : Leg. AE [Byil>r/.IL 

OP J?- 
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p P E RA'T 10 N. 

As Radius, Bine po Deg. 

To Hypotenufe B C, 274-^3 Parts 
So is Sine C, 58.73 Deg. 

To the Leg. B A, 235.00 Parts 



45 



10. 



12.1544848 

10. . 



M3P2537 
p.p^ 18295 

12.3710830 

CASEY. The Angles B W C, and the Leg. A C, given\ Fig. XIT. 
To>rf /ib^ Hypotewfe B (J. CafeY. 

PROP ORT 10 N. 
As ^ B : Leg. AC;: Radius : Hypotenuie B C ^By Axi. !L 

OPERATION. 
As Sine B, 31.27 Deg. - 9.7152273 

Is to Leg. A C, 142.72 Parts 

So Radius, Sine $0 Deg. 

To the Hypotenufe B Q 274.^3 Parts * 2.4392575 

CASEVl. The Hypotenufe B C, and the Leg. A C, given y^S' XIL 
Ta Jittd the otberteg. ABy Ca/eVL 

P RO P ORTIO.NS. 
I.) As Leg. B C : Rad. : : Leg. A C : X B. CBf Q/2r L 
a.) As / B: Leg. A C : : Rad. : Leg. A B. \3y Cafe L 

*d P'ER ATJO N Si ■' 

I.) As Hypotenafc B C, 274.>3 Parts 

To the Radius, Sine 90 Deg. r 
So is the Leg. A C, 142.72 Parts, 

To the Sine B, ^1.27 Deg. 



^^-43 92537 

10, 

12.1544848 



2.) As the Tangent of B, 31.27 Deg. 
Is to the Leg. e A, 144.752 Para 
So is Radius i Tang 49 Deg.. 
To thftLeg. A B, ajJ-oaPam - 



9.71523" 

J.7833980 

1?-1544M 
10. 

2.370086^1 



CA $ 



I 
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Fig. XII. CAS E VIL The two Legs, B A «t<^C A, gheni To find the 
Cafe VII. Hypotemife B G 

VR0?0RT10NS. 
I.) AsLeg. A B:Rad. :: Leg. AC:rB. [ByCY'I. 
X.) As X B : Leg. A C : : Rad. : Leg. B C CBjr Q/^ V. 

O^ERATIOI^S, 

!•) As the Leg. A B, 235.00 Parts, a.37 10^78 

Is to Radius, Tang. 45 Deg. 10. 

So is the Leg* A C, 142.72 Parts 12.1544848 

To Tangent B, 31.27 Dcg. 9.7^34170 

2.) As Sine B, 31.27 Deg. 9-7151857 

Is to Leg. A C, 142.72 Parts 12.1 544^48 

So is Rad. Sine 90 Deg. 10* 

To the Hypotenufe B Q 274.P3 Parts 243925^91 

The End cf the Seven Cafes of ^ghuanglciVlainTrtangles. 



CHAP- VL 

Of the Solution (or Menfuration) ^Oblique-angled 

Plain Trian^es. 

% 

fi^.-XIL T^ H E Triable which I fhall tnake ule of in the Solntion of 
Diagram *■ ^^^ ^i^^ CASES of OSli^e-a^/ed Triatiiglet, (ball be 
S. that noted with S -y whofe Sides and Arsgiet are 



f B D, 1270 y 

Side ^CD, 8^5 >. 
C B C, <32 J 



Baits. 




Degrees and Cent 



CASE 



0/ lOgbt Lined Triangles* aj 

ASE I Two Sides, DC, «»</ C B, mth the Angle at D, F?^, XII. 
cfpoftte to C B, given ; To jfo</ the Angle <» / B, oppojite to C D. Ctf/^ I, 

PROPORTION. 

^s Log. C B : i" D : : Log. C D, : x B. [By Axiom IL 

Jut here it mud be known wbether the A^ig/e fought be 
^^i^/^ or Obiuff. 

OP,E R ATIO K 

i Log. C B, 6 j2 Parts _ 

Is to the Sine of < D^ 26*77 Deg. 
pis.theLogaLof CD, Sdj Parts _ 



2.8007 17 

^.653608 
2.p?7oi6 



To the Sine of < B, 3S.05 Deg. 



12.5^0624 
P.78PP07 



ASE n. Two Sides, D G, ajidB Q to//ft /&^ Ahgle C, com^ R^. XIL^ 
frehfm&d by tbem^ given v T<? j&f^ /te ^/ft^r Angles B ^> D. CafeAl^ , 

The.eiven ibf^/^ C being above 9Q Deg. viz. 11 5.1 8 Deg. 
ubfbract it from 180 l5eg. the Remainder is 64.82 Deg. 
^ hich muft :be. made ufe of in the. Calculation : And then, This ^ 

the . 

P ROF O.RTION. 

A half the Sam of the given Sides D C and B C, 

Is to half the Difierence of. thole Sides ^ 
So is tiie Tangent of half the Sum of the Angles at B and D/, 

To theTangent of half the Di£^nce of thofe Angles. 

^j Axiom UL Then,:- " ^ / \ 
' To the half Sum of tliele Angles D and B, if you AJd the half • 
Jiflfeiinoe thus found; you wiir have* the Oreater Ahgti\ but 
dng fubftra£led) it will give you: the Lejfer Angle. 



.J 






\ • 



p. BE- 



* • 



f 
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OPERA T J N. Parts. 

The-Side { g g; 4^ 

' ' Thrir Sum- ' 
The half Sum 

Their Diflference 
The half Difference 

The Sum of the Angles at B and D- 

Their Di£&tence 

The half Sum 

The half Di£^nce 

Being thus prepated, lay, 

As theLog. of the half Sum.of C.B and C D, 748.5 2.874 ipi 8 

Is to the Log. of half their Diflfer«ince, 1 14. 5 z.o66^2S9 

So is the Tang, of half the S'urii of & and D, st^i p.SoidSoS 

I I .8590067 

To tie Tangent of 5.64 Degi 8-^^^4814^ 

This 5.64 iJeg, is half the Deference between the Aaglc B and 

D,— Which added to the half Sum of thofe Angles 52.41 p^. 
X gives 38.05 Deg. for the Greater Angle at R But being Tub- 

ftraSed therefrom, it leaves id.jj Deg, for the Lejfer Angle 

atD. 

R^. XIL CAS E in. Tm Angles C and D, with the SidoC B, oppo- 
Cafe III. ^te to D, ityen^ To fold either (^ the other Angles. 

PROPORTION. 
As*D;Log.CBi:xC:"Log. PB. IBy Axiom II - 

OPERATIOT^. 
As the Sineof the Angle at D, a^.77 Deg, 9.6.'i^6oSt 

To the Logar of the Side C B, 632 Parts 5 • 2.3007171 

So is the Sine of the An^e C, 1 15.18 Deg. (or ^4-82 ) 9.9t6 6^69 

' 12.7573540 

To theLog. of the Side DB, 1270 Farts 3'^0375A9 

CASE 
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CASE !¥• Tm SiJes, DBiUidCB, with the AngleB^ ^mFig.Xll 
freheniedby them^ being given \ To find the Side C B#^ , Cafe IV. 

I.) Find the Angle Q by the Third Axiom. " 

3.) Fmd the Side C B, hj the Second Axiame. 

CASE V, The Three Sides D C, C B, /«</ D B, beittg gi- fig. XII. 
xxn i To find the Ai^le at D» Cafe V. 

To the tefolving of this Cafe, Two Operations are required. 
The Fiift, To find the Segments of the Bafe D G and G B, by 

thefe 

SViOVOKTlO'NS, 

(I.) As the Log. of the Safe D B, 

Is to the Log. of the Sum of the Sides C D and C B : 
So is the Log. of the Dlj^ence of thole Sides D E, 
To the Log. of D G. By Axiome 4. 
And G D fubftraaed frojn D B, (hail be equal to G B, 
and half G B, is equal to A G Qr A B. Then, 

(I,) As Log. DC, 
Is to Radius : 
So is Log. DA, ^ 

To the Sine of the Angle D C A. By Axiome 2. , 

And A G and AB together, are equal to G B^ and therefore^ 
the Angl^ at B, aiay be found in the iame vcaxxatx, 

OPERATION. 

The Sum of the Sides C D and C B,r is 1497 

Their Difierenoe is '^33 

The Bafe BD is 1270 

Behig thus piepared^ fay, 

As the Log. ofthe Bale DB, 1270 3.j[o?8o4 

Is to the Log. of the Sam of C D and C B, 14P7 "^.175222 
So is the Log. of the Difierence ofCDandCB, 233 12.36735^ 

' 5.542578 

To the Log* of the Segment D G 274.55 2.438774 

H Sulh 
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E^.VI. SubftraftD G 274.^5, from the whqlc Bafe.D B 1270, the 
Remainder will be G B 995*35 h the half whereof, 4^7.^75, is 
equal -to A G or A B* 

# Then,, 

As the Logar. of D Q 8<J5, 2.9370151 

Is to the Radius, Sine 90 Deg. 10. 

So is the Log. of A D, 772.32 1 2.8877 973 

To the Sine of D C A, 63.23 Deg. 9.9507812 

Whofe Complement to 90 Deg. is 2^5.77 Deg. for the An- 
gle C D B. ' 

In the fime manna-, may the Angle at B be found, by, firft, 
finding the Angle A C B, which you will find to be 51.^5 
Deg. Whofe Complement to ^o Deg. 38.05 Deg. is the Quan- 
tity of the Angle at B. 

The End of the five Cafes ofOblique-aagUdFlaiH Triangles. 
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SECTION IL 

Of Spherical Triangles. 
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C H A P. L 

Definitions and Theorems, neceffkrj to the right under- - .. 
fianding of the Doftrine of the Dimenfion of Spheri- 
cal Triangles- 

A Spherical Triangle (as well as a Tlain^ ovRight'lined Tri- 
angle) confifteth of Six Tarts •, namely, of Three Sides^ 
and as many Angles : The AffeSions whereoi (hall be demonftra- 
ted ftom thefe Twenty Theorems following. 

I. The Three Sides of every Spherical Triangle are the Arches of 
Three Great Circles of the Sphere, every one of them being lefs 
than a Semicircle, or conjifting of fevoer Degrees than 1 80, 
v^ich is the Mealiire of a Semicircle* By the 9th oj Seft. 11. 

II. A Great Circle of the Sphere, isfuch a Circle as divideth the 
vihole Sphere, or Globe^ into Two Equal Pitrts or Hemifpheres j 
andjfb is in all Farts diftant from the Poles thereof by a Qjia- 
drant or po Deg. of the Great Cu:cle. 

III. If one Great Circle of the Sphere, dopa/s by the Poles of ano- 
ther Great Circle, thoje Two Great Circles do interfeS^ or cut^ , 
each other at Right Angles : And the contrary. 

Thus, Let A E C be a Great Circle of the Sphere 5 (and let it F;g,XIII. 
reprefent the Horizon of any Place) whofe Poles let be B and D, 
(the Ze/tith and 'Nadir of the &me Place, equi-diftant ftom the 
Horizon A E C ^ Deg.) by which Poles B, and D, let anothet 
Great Circle ^1s :^ namely, BED, one of the Colures (^or any 
^ Azimuth^ or Vertical Circle). Now, I fiy, that the Great Circle 

H 2 BED, 
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B^-Xni. BED, cutteth the Great Circle A E C, at Right Angles in the 
Points E and F. For, if upon the ?ole E or F another Great Circle 
A B C D be defcribed, it is manifeft, that A B, BC, C D, and 
D A, fball be the M/cajwres of the Aisles at E and F : (by thcAjih 
cfSea. 11.) But the Arches A B, BC, C D, and D A, are Qua- 
drants (by the ^d hereof) and therefore, the Angles at E and F, 
are Right Angles (6y the i^th of SeO. II) Which ,t)oas to be de- 
monftrated. 

IV. The Meafure <?/tf Spherical Angle, Is the Arch of a Great Oc- 
cle, defcribed upon the Angular Point -^ and intercepted between 
the Two Sides, they being continued out till they be Qyadranis : 

(by the lirft hereof.) 

-^ 

fig. So, In the SphericalTri angle A B C, the Meafure of theSpheri- 
XIV. cai Angle at A,is not the Arch B C, but the Arch E C, intercepted be- 
tween the Two Sides A B and A C, continued till they be Quadrants ^ 
that is, to the Points E and D-, becaufe the ArchB C is not defcribed 
upon the angular Point A, but the Arch E D is .; (by the ijt hereof) 
and therefore, the Arch B C, cannot be the Meafure of the Angle 
BAG, (by the 4/ft ofSeS. II), 

V. The Sides of a Spherical Triangle, i«>^ continued till they meet 
together^ do make TtO(? Semicircles, andat their Interfeaion^ do 
comprehend an Angle, Equal and Oppofite to the Firft AnglOi 

^ig. XV. Thus, In the Triangle ABC, the Sides A B and A C, of the 
Angle B AC, being continued 'to D, do make the Semicircles 
A B D and A C D, which do comprehend the Angle B D C, 
equal to the Angle B A C, becaufe the fame Arch G H (being 
diftant from A and D 90 Deg.) meafureth both thofe Angles^ 
(by ^^^ ¥^ hereof) 

VI. Every Spherical Triangle, hath from every Angle thereof ano- 
ther Triangle oppofite thereunto^ xxihofe Bafe and Angle oppofite 
to /fe^Bafe, are the fame ; and the other Farts of that Triangle, 

. J are the Complen^ents of the Parts of the other Triangle. 

Thus, the Triangle ABC, hath another Triangle B D C, oppo- 
fite thereunto ^ whofe Bafe B C, and Angle B D C, oppofite there- 
unto, are the fame, (by the ^tb hereof) And the Sides B D and 
CD^^^ib^ Complements of the Sides A B and A C, to a Semi- 
circle : 
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circle: And the Jbig/es D B C, and D C B, are the Complements Ftg. XV., 
of the Angles ABC, and A C Bj to Two Right Ajtgles^ or 180 
Deg. (by the i %th of Sea. 11.) 

VII. The Sides of a Spherical Triangle may be chaniedintokn^e^ , 
and the contrary ^ the Complement oj the Greateft ^ide, or 
Greateft Angle, to a Semicirdej being taken jor the Greateft 
Side, or Greateft Angle. 

. Thus (in the Figure of Theorem IV. hereof) the Spherical Tri- Ej.XIV. 
angle ABC, obtufe-angled at B : Lej D E be the Meafureof the 
Angle at A, and let F G be the Meafure of the Acute Ang/e at B, 
(bemg the Complement of theObtufe Angle ztB^ thcGreateft An- 
gh in the Triangle :) And let H I be the Meafure of the Angle 
at C ; Now, 



K LI ^^^? ^^^? \^ ^? ^^ Quadrants, and CL D 

LM> iscqialto <FG>bccaiifc<i'G>and<FM> chcir common <L 
EMy 4H 13 CK O CMH3 C6mplcmenci$ lim. 



Therefore, the Sides of the Triangle K L M^are equal to xh^ An- 
gles of the Triangle ABC-, taking for the Greateft Angle ABC, 
the Complement thereof F B G. 

It may alfo be demonftrated^ That the Sides of the Triangle 
A B C are equal to the Angles of tht Triangle K L M: (by 
the Converfe of the former.) For, the Side 



AB 
BC 
AC 






Therefore, The Sides may be turned into Angles^ and the contrary^ 
winch was to be demonftrated. 

VIII. A Right-angled Spherical Triangle hath One Right Angle, 
or more than One. 

IX. Suppofe the Angles at A and D, viz. B A C and B D C, to iig. XV- 
be Right Angles. Then, 

CB A Cl f One Right Angle, and Two Acute, Two Ob- 

Thc Triangle -^BDC> hath ^ wfe Angles, and One Right, One Obtufe, 

/C D £\ / and Two Acute. 
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E^. XV. Xi j1 Right-angled Spherical Triangle, hath, from the R^fat Ai^ 

gle, a Right-angled Triangle oppojite thereunto^ with Jao Ob- 
tufe Angles, 0' contra. 

As in ike Triangles B A C, and B D C. 

XI. The Sides of a Right-angled Spherical Triangle, with Too 
Acute Angles, are either of them lejs than Quadrants. 

As the Sides of the Triangle B A C, are all of them, lefi ^n 

^adrants. 

XII. TheTtoo Sides of a Right-angled Spherical Triangle, tohb 
Two Obtufe Angles, are greater than Q.uadrants -, and the third 
Side, is lels than a Qpadrant. 

As in the Triangle BCD, Obtufe-angled at B and C ^ the Sides 
D B and DC are greater than ^tadrants j and the Si<k B C lefpcr, 

XIII. A Right-angled Spherical Triangle, with Ttoo Acute Angles, 
^hath (from /ft^ Acute. Angle) oppoflte to it^ ^ Right-angled 
Spherical Triangle, mth One Acute, and One Obtufe, Angle. 

As in the Right-angled Spherical Triangle E D F, havingthe An- 
gles at E and F Acute^ is oppofite td the Right-angled iriahglc 
CDE, with the A«^/^ i!;^^^ E C P, and the OA/jgi^^ C E D. 

XIV. The Sides Juhtending the Right Angles of a Spherical Tri- 
angle, having divers Right Angles, are Qyadrants. 

As in thQTriangle A G H, If the Two Great Circles A G and 
A H, do cut x^Q Great Circle G H at Right Angles in the Points G 
and H •, then A is the ?ole of the Great Circle G H (by the third 
hereof) and AG and A H are ^airants {by the fecond hereof) 
, But if the Angle at A be alft a Right Angle^ then G H is alio a 
^adrant^ ( by the jph ofSeff. 11 and by the ^th hereof ) 

XV. A Spherical Triangle, having divers Right Angles, hath ei- 
ther Two or Three Right Angles •, and Ji of the Sides, it hath 
Two or Three of them Quadrants. 

'' As if the Angle at A be put for a Right Angle^ the Spherical 
Triangle A G H (hall have th^Tbree Right Angles zth^ G and Hj 

and 



1ft 
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and therefore the Three Sides^ AG, A H and H G, (hall be^F/e . XV 
^A ^adrants. — But, If you put the Angle at A for an Acute Angle^ 
feif then the Sphericd Triangle A G H mall have Tvoo Right Angles 

at G and H ; and thereupon the Two ^ppofite Sides^ A G and 

A H, S^drants. 

XVI. lfthethirdkri'^tpfa^^\)mca\ Triangle, havingTvoolSix^t 
Angles, be Acute ^ the third Side ii leis than a Qiiadrant *, but if 
Obtule, then it h greater than a Quadrant. 

As in the Spherical Triangle G H I, Acute-angled at G, the 
third Side H I is /^ than a ^adrant. —-But in tht spherical • 
Triangle AG I> Obtuje-angled zx G, thQ third Side A I is more 
5.. than a ^adrant. 

XVn. -d/? Oblique Spherical Triangle, conjifleth fimply ofkaxit or 
Ohtaib An^cs^ or of both of them. . 

XVIII. il Spherical Triangle, w//ftTa?^ Obtufe Angles, tf;?^ (9^7^ 
Acute Angle ^ $§ oppofite to a Spherical Triangle, Jimply hoxx^- 
zn^ei^ty contra. 

As if the Angles at A add D, be fdppofed Acute 5 then the Tri- 
angle BCD, with TwoObtufe il;7^/^x at B and C, and One Acute 
Angle at D, is oppofite to th« fimple Acute-angled Triangle Al&C. 

XIX. A SjAerical Triangle, with Tm Acute Angles, and One 
Obtnft \ H oppofite to a Sph^ncal Triangle, Jimply Obtufe an- 
gled, & contra. 

As if the Angles at A and D, be fuppofed Obtufe j then the Tri^ 
angle ABC, with Tvoo Acute Angles at B and C, and One Obtufe 
Angle at A, is oppofite fo the fimply Obtufe-angled Triangle 
B D C .. 

XX- The Three Angles of every Spherical Triangle, are greater. 
than Two Right Angles. 

This is evident in Spherical Triangles^ having more Rights or 
Obtufe Angles^ than One: But \n. Acute-angled Triangles^ it may 
be xhvis, Demonftrated. 

D E- 
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DEMONSTRATION. 

F(^.XVL In the Right-angled Spherical Triangle ABC, Right-angled 
at C, and Acute-angled at A and B. 

the Meajure of J B A C 1 ,-c fh^ a.a. J E ^ 

x\i^ Acute Angle, t AB C or B D E S ^^^ ^^^\^\ 
( by the fourth her^eof,) But the Arches E F and E D together, 
are equal to a ^adrant \ therefore the Arches F E and H I, ad- 
ded together, are more than a f^adrant ^ and confequentljr, the 
Angles anfwering to thofe Arches^ namely, the Angles BAG and 
ABC together, are more than a ^adrant. But the Angle A C B 
- is a Right Angle ^ by the ?ropofition : Therefore, in the Spherical 
Triangle ABC, confiftmg of Tw Acute Angles^ the Three An^^ 
gle^ together are greater than Tm Right Angles. 

v^m H^^^ In the Acute-angled Triangle K L M ; 

fKLM7 fNO 

T\iQMeqfureoixh(^AcuteAngleliAYi L>is the^lr^WV X 

^LMK> CRd 

But thefe Three Arches NO, V X, and R Q together, m 
more than Two ^adrants : For P (1, and P V, (being the G^- 
plements of the Two Arches, CL R and V X) added together, 
are lefs than the Arch N O, by the Tropojition : Therefore 
the Arch N O, being the Meafure of the third Angle ^ is more 
than the Complements of the other Two Angles add^ together -, 
and confequently, the third Angle is greater than the Comple- 
ments of the other Tvoo Angles. And therefore, In Acute-an- 
gled SpherUal^Trianglesy the Three Angles are greater than 
Ttt?i? R/]f 6/ Angles. Which was to be 4cmonftrated. 
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iSW^ AffeUions ^ Great Circles ^/i&e Sphere, 4/ ri?iitfe to the 

Sohaion of Spherical Triangles. - 

I. A Great Circle of the Sphere^ Is fuch a Circle, as divideth the 
XjL Whole Body of the Globe or Sphere^ into Two Equal 
Parts. 

a. A 
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2. kSphericalTriangle is that part of the Superficies of the -Fig. 
Globe, as fyes between the Arches of Three Great Circles of the XVIL 
Sphere inter(g£l:ing one another. 

3* A Spheric Angle is the lame with the mutual Aj;)erture or 
Indination of the Plains offuch Two Great Cirdes which confti- 
tute the Angle. 

4* When one Circle falls upon another Circle, or when the 
Arches of Two Great Circles interfeS: each other, the Sum pf 
the Angles made thereby is equal to Two K^ht An^es : And the 
Vertical Angles made tliereby are mutually Equal. 

5. In Hi Spherical Tria?jg/es^ thQ Greater Angle is always op- 
posed tQ the Greater Side. 

6. hnlfofcelesTriangle^ hath its Two Angles at the Bafe mutual- 
ly Equal -^ and, on the contrary, if a Triangle hath Two Angles 
Equals it hath Tvdo Sides alio Eq^al. 

7. Two Triangles mutually equilateral^ are alfo Equiangular 
one to the other. 

8. IftherebeTwoTm/r^/^Xp and in each one Angle, aiyi the 
Two Sides including it, refpe£lively equal: Or, if One Side, and 
the Two Angles adjacent, be feverally equal, then are thole Two 
Triangles equal. 

9. An Archfii a Great Grcle^ is the Ihorteft Diftance between 
Two Points on the Surface of a Globe: And lb, any TwaSides 
of a Spherical Triangle taken together, are Greater than the 
Third. ' / 

10. All Great Circles cut each other into Two equal Parts ^ for 
their common SeSion is a Diameter of the Sphere^ and confequent- 
ly ihtTwo ^effions of the Peripheries of Tv^o Great Grcles are 
at a Semicircle's Diftance. Hence it follows. That 

11. Every 5/V(f of a Spherical Triangle^ is lefs than zSemicir- Eg. 
cle. So D B is lels than the Semicircle D BC or D A C. XVIIL 

12. The oppofite Angles at the SeSions of Two Circles^ are 
Equal \ as the Angle at D, is equal to that at C 5 for the fame 
Plains conft;iute both Angles. 

13. In any Spherical Triangle^ if the Sum of the Legs con- 
taining an Apgle be Greater^ Equal to, or LeJJer than a Semicir- 
cle ^ the internal Angle at the Bafc^ is (accordingly) Greater^ 
Equal to, ox Lejfer than the, outward oppofite •, and confequent- 
ly, the Sum'of the Two internal Angles at the Bale, zrcGreare/\ 
Equal to, or Lejfer than Two Right Angles. 

I ■ D E- 
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If D B and B A together be Greater^ Equal or Lejfer tha» 
D C, then B A is Gremer^qualtOy or Leffer than B C-, and there- 
fore the Angles at C and D ^icGreater^ Eoua/ oi tejjer than the 
Angle B A C; and the Angles B D A and D A B, Greater^ Equal 
to, or LeJJer than cbe Angles BAG and DAB, equal to Two 
Right Angles. 

C OROVL ART. 

In an ^ojcheles TrUngle^ if one of the Equal Legs be Greater ^ 
Equal to, or LeJJ'er than a ^adrMt^ the Angle at the Bafe is 
Greater^ Equal to, or LeJ^ than a Right Angle. 

14. The5«» of the lUyree Sides oizTriangle is lefi than a 
Whole Circle^ or 360 Deg. For B A is Lefs than B C and A O 
Therefore D B, D A and B A together, are LejJer than D BC 
and DA C. 

J 5. If from the Point of an Angle, zszTole^ you defcribca 
Great Circle \ or, if you defcribe a Circle at poEJeg. on the an- 
gular Point, the Ark crf'that Circle io defcribed, which is inter- 
cepted between the Legs of the Angle^ is the lAeafure of that 
Angle. 
R?.XIX. ^^- The Voles of the Sides of any Triangle G H D, conftitute 
another Triangle nxm^ which we may call Supplemental to the 
Triangle G H D, for the Supplements of the Angles and Sides of 
the Triangle n x m are equal to the Sides and Angles of the Tr/- 
angle G H D. 

DEMONSTRATIOl^. 

From the Points G, H, D, as ?oles^ defcribe Three Great Cir- 
cles, xAY, KT mn^ xBn 7^^^ then is Y m equal to a Qua- 
drant, and equal to A x, becaufe m is the Pole of H G Y, and jc 
or E, the Pole of G A 5 therefore m at, equal to A Y*, equal to 
the Supplement of C A, equal to the Avgle H G D^ and the 
Quadrant Z n^ equal to B X ^ therefore n x, equal to B Z, 
equal to the Supplement of the Angle H D G, and n T, equal to 
a Quadrant, equal to /;/R 5 therefore n m^ equal toT R, equal to 
the Supplement of the Angle D H G. 

Now that the Triangle nEm^ conftituted* between the Three 
next Poles^ hath its Three Sides and A/jgles^ Qqml to the An^/es 
and Sides of the Triangle G H D, fave that the Greateft Side 
n m is the Supplement of the Greateft Angle H, and the Angle E, 
of the Side G D. 17, Any 
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17. Any Art£le oizTriangle^ with the Difference of the othw I^,XlX. 
Two, is Lejfer than Two tiight Angles : fot x n -is he^er than 

X m and npt^ that is. Two ^ght Armies ^ wanting D, is Leffer 
than Two Eight Angles^ wanting G, and Two Right Angles^ wan- 
ting H. Therefore, G and H wanting D, is left than Two Right 
Angles. 

18. If Two Trw^^/fx are mutually Equiangular^ they are alfo 
mutually Equilateral^ for, becaufe th^y ^iq Equiangular^ their 
Supplemental Triangles are Equilateral (fy the 1 6th) and there- 
fore -B^/z/V/ajj/^/tfr ^y the ^th). And therefore the propofedTri- 
4ingles are ^ilateral (by the i6tbJ) 

19. The ihree Angles of Qvcty Spherical Triatfgle^ ^tq Greater 
than TtiQo Right Angles^ and .Lepr thzn Six Right Angles. For, 
nxani xm and n m together, are Lefinthzn Four Right Angles^ 
Cby the 14/6.) that is, Six Right Angles^ wantbg D. and G, and 
H. leffer than four Right Angles : That is, Two Right Angles are • 
leUer than D, and G, and H. Alio, the Sum of lYit Inter nat-angles 
is left than the Sum of the Internal znd' External Argles taken to- 
gether, for both of them make but Six Right Angles. 

20. X3f feveral Arches of Great Circles falling from the. lame 
Point of the Spheres, Surface, on another Circle, the Greateft is 
that which pafleth through the Pole of the Circle^ and the next 

to this, is Greater than thiit which is farther oflE! For fuppofe P F^. XX 
the Pole of the Circle C to- D, and m the Pole of D P C ; then is 
A D Greater than A B, A B Greater than A E, A E Greater 
than A C : And the Ark B w C Greater than the Ark B P, and 
B P Greater than B D. 

2 1. A Great Circle paffing through the Poles of another Great 
Circle^ cuts it at Rj^t Angles :i, And on the contrary, If it cut it at 
Right Angles^ it paUeth through its Poles: The Angle P B O is 
equal to a Right Angle^ equal to P G D, equal to P D B, equal 
to TO- A C 

22. In an Oblique-angled Triangle^ if the Anglei at the Bafe 
are like^ or of the fame Kinds -^ that is, both Acute^ or bothO^- 
tu/e^ thp Perpendicular falls Within the Triangle^ and the ^a- 
drantal Arch without. But if they be unlike, the Perpendicular 
falls Without \ and the ' ^adrantal Arch Within the Triangle. 
For the Triangle A E F hath the Angles at E and F Acute ^ and the 
Perpendicular A C falls Within., and the Stuadrantal Arch A to- 
Without . Alio, the Triangle BAG hath the Angles at B and (^ 
Obtufe^ and the Perpendicular A D Within^ and the ^adrantd 

la A/i' 
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K^. XX. Arch A w Witbaut. But the Triangle B A E hath the Angles at 
B and E of different Kinds ; and the Terfendicular A C falls 
Without^ and the Sluadrcntd Arch A w Wnhin^thtTriangle. 




CHAP. III. 

Of the Menjuration^ or Solution^ of Right-angled 

Spherical Triangles. 

I. T N a Right-angled Spherical Triangle^ there are (befides the 
Digram L Bight Angle) f we oihex Farts -^ whereof thofe Three 
A. which are more^ r€ttK)te ftom the Right Angle^ the Lord 

"Nefeir changeth into their Complements: —As in this Trian- 
gle ABC, Right angled at A : For the Three Remote ?arts^ 
to wit, the Angles B and C, and the Side C B, he takes their 
Complements : Thefe Thiree Complementsi^mththc Sides C A and 
B A^domakeF/wPtfrrx : Which, by an artificial Terni^he calk 

CIRCUL AR. 

•Side A B^ 
.Side A C, 
Vi9. The ^Complement of the Angle at B, 

Complement of the Angle at C, 

Complement of the Side B C 

Bkit the Right Angle at A is fet afide from being any of the 
Circular Points, 

n. In the Solution of z Right-angled SphericalTriangles^ there 
are always Two other Varts^ or Terms^ given (befides the Ri^t 
Angle) to find out a fourth. 

HI. Thele Three Terms ( namely, the Ttoo that are Given, and 
the Third which is Required) muft befirft looked upon ac- 
cording to their Grcular Parts. 

IV. Of which, One is named the Middle ( or Mean ) Part ; the 
othet Tm are called the Extream Parts^ borrowing their Ap. 
pellation from the Scituation of the Terms themlelves-; For, 
of Three Terms^ One muft ( of neceflky ) be in the Middle^ 
and the other Tw m the txtr earns: Therefore the GV^^iiy/- 

Part 
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V'art oith^ Middle Term^ is called the Middle Part^ and the Ejg.XXI. 
Circular Paris of the Extream Terms are called the Ext ream 
. Parts. 

V. But the Extream Parts may be twofold, either ConjunS^ or 
DkjunS: For thofe Three Terms (befides the Right Angle) do 
come m queftion, according as the Ttw Extreams are irom ei- 
ther P^r/ immediately /^//r^^ to a third Meajr^ or are dif joined 
from the fame, by a ly/Vif or Angle interpofed on both Sides : 
So are their Circular Parts named, Extreams Conjunif^ or Ex- 
treams DisjunS. 

VI. Bat of thofe T)5?r^^ Terms which may fall in queftion, we 
will fubje& all their Varieties in their Grcular Parts^ accor- 
ding as every one of them ought fiP refpeft of each other) to 
be called, The Middle Part ^ and Which, The Extreams Con- 
junQ or DisjunH^ as in this following SynopJIs is fiilly demon^ , 
ftrated 'V 

The Andyfis or Synoffis. 

Mjddie Tart. \ ExtreoMsConjunS. V Extreams DhjunQ. 



Side A B 
« \Side A C 
"r < Coropl. B 






Side A C and Comp. B | Com.BCandCom.C 
Side A B and Comp* C | Com. BC and Com.B 
Side ABand Comp. BC j Side AC and Com. G 

Side A Band Com. B 



ta ;CompI. C I Side AC and Comp.BC 
Compl. B C I Comp. B and Comp. C 



Side AB& Side AC 



Which Synopjis is thus to be Read and Under Rood: Example 
of the RrJtLi^e. If the Side A B be the Middle Part^ then is 
the Side A C, and Comp. of the AngleB^ the Extreams ConjunH^ 
And the Com^. efthe Side B C, and Comp. of the Angle C, the 
Extreams Disjunff. And fo of all the reft. 

And here it is to be noted^ That the Sides A B and A C, arc 
fuppofed to be joined together^ (as one entire Part J becaufe the* 
-Right Angle at A, is not reckoned amongJI the Circular Parts* 

VII. Therefore, In the Re/olution of a Right-angled Spherical Tri- 
angle^ to know the Mean^ and Extream Parts^ you muft oh* 
ferve. That 

1. If One of the Three Terms (which,'' befides the Right Ath 
gh^ come in queftion) doth ftand abne by ixjetf^ fevered from 

the 
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F(g.XXI. the other Tvoo on both Sides ; (as the Side B C, from the Sides 

C A and B A, by the Angles B and C interpofed) that (hall be 
the Middle Term*^ and fo its Circular Part (hall be called the 
Middle Parr ^ and the other Two Circular Parts are the Ex- 
treams DisjunS. But, 

2. If the Three Terms do immediately adhere together, the 
Middle Term doth eafily (hew the Middle Part^ and the Ex- 
tream Terms ^ the Extream Parts Conjunil. 

Thefe Things being all rightly underftood, the whole Tri- 
gonometry of Sphericals will be abfolved by this One Pro- 
pojition i which therefore we will call Catholick or Vni^ 
verJaL 

Propofition UniverfaL 

The Sine of the Middle Part and the Radius, are Recipro- 
cally Proportional, with the Tangents of the Extream 
Parts Conjunft 5 attd mth the Co-fines (or Sines Com- 
flemettts) of the Extreams Disjunft. That is^ 

As the Radim^ 

To the Tangent of one of the Extreams Con jtmS \ 
So is the Tangent of the oi^vt Extream C'onjunil^ 

To the Sine of the Middle Part : (!f contra. 

Then alfb. 
As the Radius^ 

To the Co-Jine^FotiQ of the Extreams Disjunff^ 
So is the Co'^ne of the other Extream DisjunS^ 

To the Sine of the Middle Part : tff contra. 

COKOLLART. 

L If the Middle Part be Sought, xht Radius (hall be in -the F/>/? 
Place of the Proportion ; But if one of the Extream Parts be 
Sought, then the other Extream (hall be in the f />/? Place. Oi 
the Second and Third Places^ it raattereth nothing how they 
be difpofed. 

II. If 
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IL If tht Extreams (in any Froportion) be Diftinil from the Mid^ F/^.XXL 
die ?art^ the Froportivn will be pcf f brtned by 5/;7f x only : But 
if the Exireamsiyo ConjunS to the Middle ?art^ it muft be per- 
forifled by Sines and langenf^ jointly. 

The Demonjiration of the Univerfal 'Proportion is obvious 
enough: For, where the^fx/r^^^w Varts are DisjunQ^ the Propor- 
tions difier nothing from the comnaon ones: And in the Ex- 
treams ConjunB^ where it is commonly faid. 

As Radius^ to the Ta/igtnt^ 

m 

We here fay, 

As the Co-Tangent^ to-the Radit^. 

And likewife Inver/ly and Contrarily -, which is plainly the fame 
thing: Becaufe, 

The Radius * a Mean Proportional, letxoeen the Tangent of 
tf^Arch, tf/7fl^/fe^ Tangent Complement oj the fame hxc\\. 

JSiote^ That when a Complement in any Proportion doth chante to 

concur with a Complement in the Grcular Parts^ younuift then^ 

(always) take the Sine, it felf, or the Tangent it felf ; inftead 

of the Cofne^ or Co-Tangent^ in the Grcular Parts/ Beciufe 

the Co-fine of the Co fine's is the 5/??^ it felf, and the Cotangent 

of theG?////??^;//, is theTj;?^^/?/ it feli^ 

As is the Sixth Cafe foUowang •, where C B and C A are given, 

and the Angle at B is required : Here C A is the Middle Part^ 

and C B, and B, are the Ext reams DisjunS : Wherefore (by the 

fecond Part of the foregoinjg Corol/ary) the Proportion will be per* 

formed by Sines only.— r-And (by this laft) becaufe the Ttvo 

Extreams^ CB, and B, fall upon Complements in the Circular 

Parts ; therefore, inftead of Co fine B C, and Cofne B, yoa 

muft lay Sine B C, and Sine B. 

Thefe Things premifed, we will exemplifie in tlie Solution of 
Right-angled Spherical Triangles in all the Cafes thereof. 
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CHAP. IV. 

s 

' The Analogies, or Proportions, J^r the Sdintioncftbe feve- 
ral Cafes cf Right-angled Spherical Triangles; ly the 
Uniyerfal Propofition* 

Fijf .XXI. T? O R the Performance hereof, I (hall make ufeof this R^ht- 
Diagram JL angled Spherical Triangle ABC, Right-angled at A, the 

Quantities ot whole Sides and Angles are adiixed to their re- 

ipe£iive Circular farts in the Diagram noted with B, in Fig. XXI. 

And alfo in this Table, >both in Sexagenary Degrees and Minutes-^ 

and in Decimal Parts alio. 



B. 



BC- 
CA ' 
BA 
<B. 
<C 



I 



A 


M, 


Cent. 


66 


30 


66.$o 


5» 

50 

58 
5« 


30 

ID 

35 
52 


51.50 
50. IS 
58.58 
56-85 



And in every Cafe I (hall diftinguifti the Two Give/i Tcrms^ (be- 
fides ihQ Right Ang^le^^ which is, always the third) by marking 
the Sides or Angles Given^ by a fhortSrtoak, ( | ), and the Term 
Required^ I fhall mark with (o. ) All which are to be ieen in 
Figure XXI. 

The XVI Cafes of Right-angled Spherical Triangle^ Refolved, 

. The Hypotenufe B C, and the Angle at Q given ^ To find 

Etf.XXL C-d S E L The Oppofite Side A B, the Middle Part. 

•^ * As Radius 90 Deg. tooooocoo 

To Sine C, 56 Deg. 52 Min. 99229^^4^ 

So Sine BC, 66 D^. 30 Min. ^ 9^962 ^9-]^ 

To Sine B A, 50 D^. 10 Min. 1^,8853312 



CASE 



So'Cftfine B C, 23 Deg. 30 Mjfj^ 
joCoTangent B, 31 Deg. 25Min. 



CASE1\: ihe Sffi^Adjac^-t 'A C^ •-EktreamConjaoa. I^.XXI. 

As Co-tangent BC^ 23 Deg. 30 Mw. 9<?3830ip -' 

To Radftis, -^^begj'"- ' -•" •■v'-' ••>■ 1!.' > 10. 
So Co-fine C, 33 Deg. 8 Min. ,ig.737<?<?n 

-TpXall^t C A, 5ibegjK.}<^Min,,. . , ;'\ .. 10.09^3592 

. _-C il5 £ III. Tfef o/fe^/- Angle ^ Extiream Conjuna. • Cafe III. 

As CjO-tangent C, 33 peg. 8 Min. * P 8147277 ^ 

-To Radiosf fo Ceg. ^.^ -•,— i- ^ i -- -itf. - .. ,. 

_ ^ ,. T> /-. .-TN-_ .^Xt'.^ ... , ; 19.6006997 

". ■■' \ - 9'7^597^o 

.--_J.ll3!;^Hypotenufe BC, tf^rfSidVA'Gi^n;^;?, /<»></- 

' ^^ iris £ IV? The Oppofite Angle «/ B, Ex. Disj. Ci/elV. 

As Sine BC, <JdDeg. 30 Mia. ^^ . 9.962397S 

~ -TfriU€l4H8, 90 Deg. -vJC ■•<^ • '10. 

So Sme,CA, 5iDteg. 30 Min. ... ig-89;^444 

^^l^^j^Stnlfes 58Deg. 35Min. ;* p.93 11466 

V ' V C il jS £ V. The Adjacent Angle C, Middle Part. O/e V. 

'■■•-* •^■'" '"."•■-■•■■•'•■•••••■ -J -': .•■i;;-\. ^ />.:;,•.... r - 

As Radius, 50^%. . . . .,., ,. ...^o-, . ,. 

To'nngentCA 5»Deg. 3oMin. ^ '• • 10C09P3P48 '• 
JSaCo-taajSPtBCj 23Deg. 36 Min. '. 9-63^30 *9 

ToC<SfineC, 33Deg. 8Min..: • 'r9'737^967 

-jrrCTtp E VI. ^The other, Side A^, Extream Digiiia ' ' GfeVl. 

AsCo-SineC Aj.jSDeg. 30 Min. ' p.f 941496 

To Radius, 96 D^ * '10. - . 

SoC«-fine!BQ 23Deg. 3oMiu. j 9.6006 997 

?':To'iGQ-fineBA39Deg. soMirf ? : : .'9.8065^01 



■ . • . i 
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The 



66 JaimdMi^iinsAica^ 

Tpjuid 
Cafe VII. CASE VII. Tfe^ ^/J!vr Side B A,. Widdie East. 

As Radias, 90 Deg. ^ ' ^ ^ ' to/ 

To Tangent C A, 5 X De^/ Mia. v* ' ico^yj^^a 

. So CoTaagent B^ jx Be^ 25 Miij. t p>7^goo4 

To Sine BA, 5opeg^ loMin* jr^.bb; 2952 

Ctf/^Vni. Cii5 £ VIIL TbecdiCi Angle ii/ Q ^tream Disjucft. 

AsCc-fineCA, jSD^ joMin. 9'j9^ H9i 

To Radios, ^ Deg- lo; 

So Co-fine &» 31 Deg. ^^Mia , ip.7 1705 2^ 

To Side C, 55 Deg. $2 Min. 9^92290^ 

•• . 

C^ IX. .CASE \X. the Hypotenufe 'B, C, Extream Di^ubCt 

Ss"Sine3, 5813^ 35 Mm. p.y^npa 

To Hading po D^ lo. . 

^ So^BeCH, 51 Deg. soMin. 49.8931>444 

ToSineSd, ^<D^. 3oMin. ^ 9-9^^9^^ 

7%rSide C'A, 4«r^/i^AniB|[eC, adjacetit thereto^ given ^ TofiU 
C^X - Cjl^ £ X. 716^ other Si^e A B, Extiei^Coiijuo^ . 

AsOH^gratC, 33Deg. -SMtiL ■ »8 147277 

ToRadins, 90 Deg. 8 Min. 10. 

SoSioeCA, SiD^ 5aMin. 1^.8935444 

To Tangent B A, joDeg. ko'Min. ' toxyjttiii 

Ca/eya. -i^-iWB XI. 1]&? other Angle B: Middle P*t. 

•As Radhis, 90 Peg. - . ;- 'lo. 

To Sine C, 5 tf Deg. 52 Mto{ • 9.9219334 

So Co fine C A, 38 Deg. 30 Min. »794j 4l^ 

To Co^neB, 31 Deg. 25 Min. .r9.7i7o)»3° 

V 
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C i! S H xn. The Uyfotenufe B C, Extream Conjima. %XXL 
As Taogent C A, 5 1 Deg. io Min. J0.0P93948 ^-^*^^ 

To Radius, 90 J>8g- '°- ^^ 

To Co-tangent B C, 23 Deg- 30 Min. j».63b2<563 

Tfc* Two Sides, A C and A ft iwen\ Tofiid 
CASE Xni. Either Angles at C ; Extream Conjuna. Ca/Z- 
AsTangpntBA, 50 D* «oMln. loajtj^g^ 

To Radius, 90 Deg. '^'o , 

SoStncCAsiDeg. 3oMin. 19-8935444 

To G>^ngent C, 33 Deg- *^/D- 9-8'479«o 

Cil S E XIV. T6r Hypoieiiifc C B; WBddkPart ^ 

AsRadiiis, 5» 0eg. J2l^ — - 

to Co-fine A C, ^ Deg. 30 Min. f JJJl J?f 

SoCb-fioeBA, 3fDeg. SoMin. 9-80^5575 

To Co-fine G B, 23 Deg. 30 Mia. «>.<te0707i 

Hitf Two Angles B««^C,^«»»i T<>>rf 
CASEJiV. Either oj the Su^^ « A G : Extxeam Diqnna. Cj^XV: 
As Sine C, 5^ Dc& 5» Min. ^-9^^9334 

So'teStS^'lTj^Sg. *5Min. jfbz?^!^ 

To Co-fine C A, 38 1>CS- 30 Min. ^.794"i'2 

C ii5 B XVI. m Hjrpowmfe B C-. MkUk ftw. Ci^ 

AstheRidins, joDeg. 2^ ^^ 

To Co^neeBt C, J3 Dtg. S Mia. 9-8i47a77 

SoCcMangeBtB, }xl>* asMla f.785<>oo4 

ToCo-fiaeBC, »jDcg.foMin. x^Aooiiti 



K a W«rr, 
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f/if.XXI. liote^ Thefe are the Yrapcrttons ahfwerable to 4he Vmverfal 

Fropofition^ yet may (manjr of rhein) be varied 5 fb that 
the Kadius may be brought 4ntcP f he^jQf * F/4<m^, ^nd zhif by 
the Iwer part of the foregoing Coroli^; Which fejp^rj — 
RaJir/s is a Mean Proportional betp)efin'thi^,lta»^m oj^an 
Arc\ and the Tangent Complement ^of the f^me ArcK —So 
that (in the Xlllth CASE) where it is faid, 

As the Tangent B A, Is to Radii/i V ' 

So is Sine -C A, to eo-tdngenrC. . • . ' 

It IS all one, as if 70a fhould fey, ; 

As Rf^/;/;^, 90 Deg* • - 16. * 



-r' . , ' -^ xYk^Co-t anient "& A, g^Deg. 50 Min.^ 9.5?f22'466 

So the 5/;;^ of C A, 5lDegv'3d^fin.- - ._;982ill£4: 

^ To the Co-tangent of G, 5 ^: Deg. i Mjn. .r?. ? ' 5 75^ 10 

Tie likejCourfe may be taken in the Second^ Tbird^ Tfftb 
and tmljlh CASES. 

Andjhus you have the whole Doffrine of the Dime^o/i of, 
Rigbt^angleSfspherical Triangles^ performed byHeTp of jhiis one' 
Catholick Propofition. ' \ / "• 



CHAP. IV. 



: S^m^ i^r^ttothns coTtcermng^ Oblique-angIe4, Spherical 
^"7' "Ifrangles, in order to the Solution of tketn^ 

IN Obtique-angli^d Spheirical Triangles thefe are XII Ca/es^ Ten 
of which may be refolved by the VJniverfal Propojitton\ but 
then the ObUgue Triangle mufl: be reduced ittio 1^0 Rigbrun^ 
gled Triangles by help of a PA^endieular let- fall, ibotdtiiOes 
mjhin2,Xotpstmes without^ the Tr/a^e: Aitd to know whetkefi^ 
it Ml mtbin or witbout^ the fublequent Ki/iSf x are to be oblecvtd. 

R U L E I. Iftbe Angles at the Bafe of the Triangle be both of the 
fame AffeQion\ that », both Aaae or Obtu/e j the Perpend ku- 
. lar lei fall from the Vertical Ang^ Jhall fall within : But if of 
dijferent AffeQions^ without. 

As 
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Of schema! Triangles. 6^ 

As in the Oblique angled Triangle ABC, whofe Angles- at B ¥ig. 
vjfcdC^afe ^^a^Acufe, the Perpendualar AD fhallTall within XXlf. 
ch*0 Tr^ngli,:^*^ ¥et^ ' if irfeU not within,- Itmuft be the lame with 
oneol'lliie*Sidk^vQ^ dfoitnxuft Uii .vnthojii. the Triangle : ICit 
be the, lame with eiiher of the Skies,' i\\cs)xh6,Jng/e. ^tB.or C 
matt 'be 'a t^fghr %fgk ^ w hich i^ contrary/ to iHe Prtif offtion : If i t . 
fall without the Triangle^ as fu^ofe at E, then the Ang/i A EB^' 
QalVhG^RJgbP Angle:' Bat the Angl^'ArBLis.pbiMife^ for it is 
til? Conap^j^ntpf Uie ^i^/r/f ^;7g/# A^JS'C, and therefore; the 
Side A E is greater th;fn a Qiiadranty/A^^ iiiC\Angle ACEhc- K^. 
in^Acute^ AE (hill be 'alfo lefs than a^Ciiiadrant : But/ that XXII. 
the feme Side<^uld be both' More arid ^*L^' than a Quadrant. 
h abfufd : Arid therefore, -in this O//^^. the Perpendicular thalt 
fafH^withln the-3>/V/!^fir. • '. . . 

" But, Jii4hfetFrM>?^/lp. •A^'E'Ks Ob^/e^i/tgiedat B, and Jirzr/^ a6 
E; the Perpendicular A D (hall fall without the Trhngle nponl 
th§ SideEB, coqtrivo^,; ..Qj, if-Qthexwife, itjTni(Lbatte fama ^ 

with one of the Sides.' or fall wrtnhi the T/v^/^/r; ' 1 c 'c^ilAt te^ ; / . ^r /. 
the fame with eitliet of the Sides, for then rhe Angle at B oVE 
fliould be a Pjght Angle : And it cannot fall within tlie 'Triangle^ " 
becaufe then: ^^ Anglic at B and .EdfPw(l either be both Obtuje^ 
Gi both Acute^ as hath been already proved-- , If therefore the 
Angles at the mffe.be of cfifierehr AfiSmt] the Perpendicular fha» 
fall without; as 'was to be proved.-- ^'^- - ^ -i . , . 

, . However %h\%,Perpendieular fallejl^ ^^^Jf^^] ^5 aUvayrs oppqfite 
to a it^iTtc;/ -d/sgiV i and for better DireQ ion herein, 'take this Ge- 
neralRule.' -:;-:;;'"-.; c:'t ' c <:;8: T .. V;.; 1 

^/v«r, a«^ adjacent to an Angle given, ' 

As in this Ttjangle A B* C, -if there were g^iven the Side A B, 
and the il;/^/^ at A 5 \^ tbe fbnndr; andt'tbis, JL^/^, the Pirpf/pr 
rf^ir/tfr mult fait frona 8 tipdn tt*$3Mc^ (L - - !- . ') 

But if there were giveh the 8idqA'i2^kaad;th(&ili;$^rat ;i!^,1;be F/]^. 
PfrpendicuUr ,m^ll?aH ftotn 'C„ upon the iSide A B, ^dptinued XXlIt. 
to E,- — 'And to know whither fhe^Side'* djbrf Which th€ P^>7i^ 
dicular (hall fall, muft be. continued or not, is np more than to 
ask whether the Perpendicular muft fall mthin or xxnthout the 
Triangle. But; if the former Dircftions be not fuflScient, the 
Catculatioa'wUl determine it. For, 

RULE 



r 



70 Janua. MatbetHatica. 

%. R U L E IIL If the Ark found tit the firfi Optraim (nbether # 
YmM. be of a Side or an AngleJ he more than the Aich jf/o^^ fftr 
Perpendicular /bo// /ki/ mtbdut^ iflejs^ witbift tb^tdaa^^' 

And V this wUl plainly appear in the Solutioni of the fol- 
Lowing Cafe^. ^ 

General Rules H he ohferoed in the Second Operatidn (f$be &- 
lution ^ Oblique angled Spherical Trtangl^ vilhen they art 
reduced into Tfho Righi-ai^led Triangles. 

After the firft Operatton, whereby either the S^;naent$ of the 
Bale, or the Ah^^ ^^ ^^^ Caiherus^ or FerpendicuUr^ is found ^ a 
dili^tCare being had to the Addition or Subftia&ipn of tfaem : 
The fecood Opeottoo will be performed by one of the Four fc^- 
lowing tt^uks. 

ji^{rr RULEL The Sines of the Complemftrtt of the HypotemiRs^ 
OklUV* iQ the Sines of the Complement of the Bafe, are in direft Pto- 
pordoiL So, \ 

cfB A I csJ>A: t csBC icsDC 

n. the Sines of tbeBaies, to the Tangents of the Af^/es 
Bale, are in Redprocal Piopotdon : So, 

sIRA-.sDA: ietti etD :: tH: tV. 

R ULE m. The Snes of the CompIenKtt of the A^les at the 
Baft} to theSines of the ComplenMnt of the Aisles at the 
Othetus (or fterpiendfcalar) tfelndheQFtopoitMMi: So^ 

fBCA : xD€A : : cxB : rjB : est). 

Jt VfhE IV. TlK taqgbotsof the Hnoccnufis, to the Sacs «f 
the Cooiplement of tfceJbfrtar it tie Ouihetm (or Peqmdi- 
ddar) aie in Redprocal FnipOftioa : So^ 
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Of spherical Trlmgfts* 7J 

C H A P. Vi 

Tbt SoUii^H 0/ Oblique-angled ^)Jherical Triangles: jBf 
" ktHttg ftk 4 PerpiHdiaJa^, wiaiefy the Obiique Trian? 
gie if Reductd i»t« Tw0 Right-angled. 

CASEl, hi the Obliflue-a^gled Spherical Triaiigle A B C^there 
a gtven^ ihe Tvoo Sides A B anil B Q wkh the Angl^ C, oppo- 
Jitt to'^k\to find the Angle <tr B : If it be al(b known whe- 
ther the e^uiifi Mgle be Acittfot CAtufc. 

Analogjr. 

As jBA : /BC : : jC :\f A. Ftg, 

Fof by the Univerial Piopo6tion, ^^* 

(i.) As Rad-ffAB : :jA :/BD. 
(1.) AsRad.^ xBC: : tCisl^D. 

TbeKfoi^, 

AsjAB :/BC : : #C : xA 

CASE II. 7W Angles, AWC, o«/ /fir Side B Q ifpefiieto 
tbf Aagjic k, givftt i TtfirdtbcfSHeBAiifitoeknoimi 
whedia die enqaiied Side be ipore or lefi than a Qjiadrant^ 

Analogf. 
As^ A :r C: :«6C :« B A.. 

CASEHl Hike Obliqu6-ai«M Spfaeiipal Triaqgle A C D, 
tbertH§ivea^ the IW »des Ap W A (1 tnith the Angle 
D A C, eomnned bf them : to find tbt third Side D C 

In this Cafe the Perpendicular mxf fall from the Ektremitjr of W^. 
ekher SmSt, WtoppoStciotiieil/^cgiDeo. XXVL 

Aqalpgfes. 

{t.) As«r. A C : Sad. : :ce. DAC : /. A & 

And ADo-AB-A^D ia TfM«/# I. 

Bat A D •¥« AB «» .B.P k "^it^l/^ U. 
(»,) As r #. A,B ; f * AC: ,; Jtr. ; ^ 1. B C . . 
(j.) As J?^ ; * X. B C ; ; <f X. B P : c x, DC 

- TBUBi 



^1 Jdnua Mat hemmed. 

fig. Thercfprcj 

™^'- A« ^x, AB : ^s, AC: ;^x.^pD : c s. DC 

CAS*E iV. Tm Sid^ A C^^D C, wiihthe Angle ADC, 
oppojite to AC given | Tofiifd the th^rd Side A D. 

In tblsCz/^, Let the Perpoidicular fall from the CoDCourle of 
the given Sides^ upon the Side enquired, continued^ if need be. 

Analogies.. 

(i.) As f f. C D : Rad. : : f x. A D C : r.B R 
(2.) As c X. B D : f x.C D r : Rad. : c s. CB. 
\i') h&cs.CB \ Rad. '.: cskCi csk%: 

Therefote, 

c t. CD: c s. B D : ;. rx. A C : c s. A B. 

And, B D + AB = AD in the firft* 7 r.i.^.;. ' 
And, B D — A B :« AT> in the fecond J f '^i^^^^^- 

CASEV. Tm Sides C A* j;frf D A, and their contained Angle 
CD A given y To Jind one^pf^tpoytper A^ig^c^.. ^ 

In this Cafe the Perpep^icul^i^jn^ 611 J&omthe E^tjeipiy 
of either of the Sides^ oj^fofite to iKe single given. . * ^ 

Analogies. 

- (I.) Asct. A C : Rad. : :>x.'DAC : /. AB. 

And A D — A B = B D ia tUe firft 7 t,. ^, 
. And A D 4- A B = B D in the fecond / ■»'*w*-ff*- 
(^.) Astf r. CAD : J. AB : Rad. : r, BC 
As /. B C Rod: '.: s. BD '. ct. ADC. 



\4 



• . * ♦ 
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Therefore, 
As s AB : cr.C ADi : rBD : ct. ADC. 

CASE VI Tfo^ Angles, A D Ci2;7^,C A D, j;?^ /6^ 5iy^ A Q 
eppofite to one of them being given \ T^j^d the' SiAo httjoeen 
them, . If it be knpwn whether the^ Sklct fought, or die Side 

oppofite to the otlKi given Angli^ he Acute vnOht^fe. 

... * * 

In this Cafe^ Xej the ]Perpendtciiljir fall';^dni^ the Extremity of 
tbe given Side^ on^the $ide enquired, continued, if need i>e. * 

. Analogies. 



Of spherical Triangies* 7% 

Analogies. 

(i.) As <: /. AC : Rad. : : f x. D A C : /. A B. R» 

(».) As <: /. G A D : J. A B : . IW. : r. B C XXVI 

<j.) As Bad. : /. B C : : f r. A D C : X. B D. 

• • « 

Therefore, 

As tf /. C A D : J. A B : : r /. A D C : X. B D. 

And, ABA B D=AD.iQ the ift 7 ^r- • / 
But, D B -- A B = A D in the 2d J" ^^'^'^i^^' 

CASE VII. Tiw Angles D AC and A DC, tnd the Side F^. 

AC, opfojiie to one of thetn^ (viz. D) being gvoen^ "To find XX VI. 
' rtr <?/&^r Angle at C. If it be known, whether the Angle en- cafc VU. 
quired, or the Side oppofite to the other given Angle^ be Acute 
ox Obfufe. 

In this Q/?, Let the "Perpendicular fill from the Ajigle en- 
qtrired. x 

Analogies. 

(1.) As c r. CAD: Rad. : : f «. A C : c*. A C B. 
(2.) As X. ABC '. c s. CAB : : Viad. : cs. EC. 
ilO As ci.BC f Rad. : ; <r x. B D C : x. B C D. 

Therefore, 

As cs. CAB : X. ACB : : ex. BDC : x. BCD. 

And, ACBaBCD= ACD inthe ift 1^- / 
But, BC D -- A CB = A C D in^ the 2d J ^''*'"^^^' 

CASE VIII. Too Angles, AC D andCA D, nfitb the Side "k^ 
between them, A C, being given j T(?^</ the third AdqIqD. XXVL ' 

In this Ctf/?, Let the Perpendicular fill from the Extremity of Q/*'^^^^' 
the given Side, and oppofite to the Angle enquired. 

• • • Analogies. 

(1.) As f r. C A B : Rad. : : e x. A C : ^r /. A C B. 
And, A C D - A C B = B C D in the jft > t • -„,a. 
But, A C D»t A CB = BC D in the 2d 5 -tr/j;^^. 

C2.; As X. A C B : t X. CAB:: Rad. : ct. BC. 
(3.) AsRad. r Cf. BC : : s. B C D : f x. C D R 

L There- 



^^ ^ f<imA Aiatbem^tieau 

Theref<MC) 
As X. A C B : f X. C A B .♦ : X. B C D : f X. C DR; 

^. CASEIJL TwoSiies^ACMdCDyWibtbeAn^ADC,. 
XaVI. oppojite to one of them^ (v'xl. k.C) being given ^ To find their 
Caje IX. contained Angle A C D. If it be known, whether the enquired < 
Angle^ or the J^gU oppofite to the other ^ven Side^ be Aattc 
or Obtufe. 

In this Gr/r, Let the VerpendUuIar faU fioai' the Angle eo-« 
quired. 

Analogies. 

(i.) As ct. CDB : Rad. : • xx. CD : et. BCDi- 
(2.) As <rr. C D : XX. B C D : : tUd. : t. BC 
(j.) As Bad. : t.BC :: ct. AC : x x. A JC B., 

Therefore,. 

As ct. CD : XX. BCD : : ct. AC : xx ACR 

AndB C D* A CB= A C D hi the ift > t^- ^/.. 
But RC D - AC B =* A C D in the 24 5 •"^'^'^• 

f^. CA SM X. Tno An^es, D A C «/»/ A C D, eptf^ /&r Side bf- 
XXVl. ttoeea them^ A G, being given \ To find either of the other- 
CtfeYi. Sides, DC or AD. 

In this Ca/e^ Let the VerpendiculoF £iU fi-om the Concoarfe of > 
the Side given and fought^ on the third Side^ continued^ 
ifjieedbe. 

Aaalogies. 

(t.) As x/. C A B : Rad. : : x x. A C : x r. AC B.' 
- And, A CD — ACB= BCD in the ift i ^ • / 
But, A C D if. ACB = BCD in the 2d / ■f^''"**^- 
(%) As X r. A C : X X. A C B : : Bad. : t. B C 
(S.) Ast. BC : Rad. : : xx. frC D : ct.CD. 

Therefore, 
As XX. BCA : x/. AC ; : xx, BCD : cfcCD, 

CASE 
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CASE XL The Three Sides being given j TofndanAn^c. Fig. 

XXV/ 

For the refblvlng of this Problem^ there muft be fome Prepara- r^r^ v[ 

* tion made ^ for that the Vniverfal Vropofition of the Lord Jiefier\ ^ 
is not, of it felf, fufficient for tlje Solution of this or the follow- 
ing Cafe. And therefore, the iaid Lord Nepier\ to bring thefe 
Cafesyjiihivi fome Compafe of this his Vniverfal Vropofition^ he 
firft finds the Difference of the Segments of that Side ; which be- 
ing made the Bale of the Tm^jf/^, is divided into Twof^rts^ hf 
letting fell of a Perpendiculitr j and by help of this 

AN AhOGT. 

As the Tangent of half the Bale, 

Is to the Tangent of half the Sum of the other Two Sides ^ 
:So is the Tangent of half the Difference of thole Siies^ 

To the Tangent of half the^Di^ence of theSegmems of the Ba& 

Thus then, 

Inthe Oblique-angled Spherical Triangle A CD, there is given, 
the Two Sides (or tegs) A C and C D, together with the 
Bafe AO-, to find the Angle C A D. 

Analogies* 

As the Tangent of half A D, 

Is to the Tangent of half A C and A D.^ 
So is the Tangent of half the Diflference of A C and A D, 

To the Tangent of half A E. - fj„ 

And l»lf A D ^ half A E = AB in the jft 7 ^ . , XXVII 

But half A E - half AD = B E or B D in the ad / Trrj>??/f. '^^''"• 

Hence, . to find the Ai^le at A. 
AsRad. yet. AC ; : /. AB : es. CAB. 

CASE XII. H^^ T^re'e Ahgle&Ar/^^ ghea ; To find a Side. Fig. 

This afe is but the Converfe of the laft beforegoing, and is to Svii 
bcSolved after the fame manner : If fo be that we convert the A/t- ■ 
£/es into Sides. Which, how to perform, is ttiewed in the i2ch 
Va/e of the following Tra3o? the So/utioa of Oblique-angled Sphe- 
rical Trtanglesj vaitbout letting fall a Ferpendicular. 

I 2 And 
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fig. And for the Proporthnt or Analogies for the Reviving of this 
XXVII. Cafe there are alfo Two Ways propoled, to which 1 tefcnr you. 



CHAP. VI. 



The foregoing XU Cafes, ^ Oblique-angled Spherical Tri- 
angles, GeometricaBj Demo»(iratedy ^atfd R^ohedy with- 
oHt letting fS a Perpendicmnt. 



F 



OR the Performance of what is here promiled, thefe Six 
Theorems following, being demonftrated, will clear. 

.THEOREM I. 
In any iSpherical Triangle, whether Right (^Oblique-angled.^ 

The Sines of the Angles are\?roportional^ to the Sines of their of- 
fofite sides : & contra. 

This is demonftrated in^ S«ff. i. Chap./^ of Aiiht'/inesf Trian-i 
gles^ and is the .{mOs in, Spberica/ Triangles^ whether R/^^J/ or 
Oblique Angular. 

THEOREM II. . 

In all Oblique-angled Spherical Triangles, whofe Three Sides to- 
gether are lefs than- a Semicircle, or i So Degrees. 

As the Sine of half the Sum ojthf Angles at the.Bafe^ 
Is to theSineoftbe half Difference of thofe Angles ^ , 

So is the Tangent of half^ the Ba/e^ ^ * 

To the Tangent of half the Difference of the Sides. • 

And alfq, 

As the Chjine of half the Sum of the Angles at the Bafe^ 
Is to the Co-Jine of half the Difference of thoje Angles s^ 

So is the Tangent of half the Bafe^ 
To the Tangent of half the Sum of the Sides. 



DE- 
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D EMO KSTR ATIO N. 

r. It Is already proved ; That, E^. 

I3b(? Sif!e of the Sum of the Angles B and E, XXvIII. 

h fo the Sine of the Difference 4 ^bofe Angles B and- E 5 
ilx the Tangent of half the Bafe'B E, 

Isto the Tangent of half a C^ ' 

And multiplying the latter part of this Proportion, hy the Tan- 
gfcntbf half the Bafe BrE: Itisj: ' 

As the Sine of the Sum of the Angles B and. E, . r , - 

Is to the Sine of the Difference, of 'thofe Angles'^ andE\ • 

So is the SqUare of the T/tngent of half B "E^ 
To the ReSangle made of the Tangent of half '& E, and the Tun- 
gent of half B*C. 

But, the ReSangle made of the Tangent • of half B^E,' and the 
Tangent of half B C, is eqaal to the Reftangle made^ of the 
Tangent of the halt Sum, and half Diflfef ence, of the Sides B Ar 
and A E : Therefore, 

A» the Sine of the Sum of the Angles Band Ej . 

Is to the Sine of the Diference of the Angles B and^ ; " 
SoistheSiuareoftheTangentofhalfB^, .^ / 

To the kedangle made, of the Tangent of the halfSum^ and half 
Difference of the Sides B A ^nd A E- 

And the former Part of this Proportion, being multiplied \^ the 
Sine of the Sum of the Angles B and E : It is, 

Aj the Square of the Sine of the Sum of the Angles B and^ 
Is to the ReSangles made of the Sines of theSum^ ' and Difference 
of thoJeAnglis^ 
So is the Square of the Tangent of half B Ey . j u 4£ 

To the TieSangie made of the Tangents of the half Sum^ and half 
Difference of the Sides B A and A E. 

Bat the Reggie made of the Sines of the Sum and Difference 
oVthe Angles, is^ equal to the ReSlangle. made of the Sum and 
Diferente of the Sines. 

And therefore, 
AS thaSquare of the Sine of the Sum of the Angles B and E, 
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%• b to the AeGbuigte made of the Sum and Di£ference of the Sioes \ 
XX VIII. So is the Square of the Tangent of half B E, 

' To the Redangle made of the Tangent of the half Sum, aodhilf 
Difietenceof the Sides B A and A £. 

IL As the Difference rf the SitfffrfB mJEj 
Is to the Sttm of the Sines of the Angles B and E ; 

So is the Tangent of the half Difference of the Sides^ 
Tothe Tangent of the half Sum if the Sides^BA andAE. 

And multipking the former Part of this Proportien, bjr the Bif- 
ference of the Sines of the Angles*, and the latter Fart thereof, 
by the Tangent of half the Difference of the Sides A B aod 

. AE: It will be, 

As the Square of the Diflereoce of the Sines ofB and E, 
Is to the B^Uangle made of the Sum and Difference cf the Sines 
of B Mnd E \ 
So is the Squate of the Tangent of the half Difierence of B A 
and A E, 
To the Reffangle made of the Tangents of the half Sum ^ and half 
Difference of the Sides. 

Bat, by theFirftSe£lion of this Demonftration it is proved, That, 

As the Square of the Sine of the Sum of B and E^ 
If to the BjcBangle made of the Sum and Difference of the Sines \ 

So is the Square of the Tangent of half B £, 
ToiheJitHangle made of the Tangents of the JfoIfSum^ and hdj 
Difference of the Sides. 

Therefore, 

As the Square ofthe Sine of the Sum of B and E, 
Is to the Square of the Difierence of. the Sine cf B and E $ 

So is the Square of the Tangent of half B £, 
To the Square of the Tangent of half the Difieteoce ofthe Sides. 

And alio ' 

. As the Sine ofthe Sum ofthe Angles B and E, 
Is to the Difference of their Sines \ 

So is the Tangent of half the Bafe B E, 
To the Tangent of half the Difference of the Sides B A and A E 

But, 



n 



But, , 

AstheSine of Achalf SomofBand Ei . xrJl<;./ 

Is to the Sine of their half Difercnce j . ; XXVIir. 

So is the Sine of the Siim^ 

To the Difierasc^ of the 



And therefore, 

As the Sine of thebalf Sfifirof the Anries B and E, 
Is to the Sine of the half Difiereoceot B and E^ 

So is the Tangent of half BE, 
To the Tangent of half the Diflference of the Sides B A and A E^ 
which is the firft Part of the Vropofition. 

IH/ Having already proved^r— That the Sum of the Sines of the 
Angles D and E, is to the Di£ference of the Sines of thole Angles \ 
as the Tangent of the half Sum of the Sidcs^^ is to the Tanjgent ^ 
of their half Dlfiercnee. Therefore, 

If you multiply the former Part of this Proportion, hy the Sum ^ 
of the Sines of the Anglesof B and E-, and the latter Part 
thereof by the Tangeht of the half Sum of the Sides of AB - 
andAE: Then it will be, , 

As the Square of the Som of the Si aes of B and £, 
jK to the ReS angle made of the Sum and Difference of the Sinis\ ^ 

So is the Square of the Tangent of half the Sura of the Sides ; 
To the Re8 angle made of the i argent of the half Sum^ and half i 
Difference of the Sides. 

But, 

As the Square of the Sine of the Sum of B and E, 
hto the Rea angle made of the Sum and Difference of the Sines ^ 

So is the Square of the Tangent of half B E, 
To the Re ff angle made of the Tangent of the half Sum^ -and balfDif\ 
ference of the Sides B fi and A'E. - . 

"Therefor^ 

As the Square of-the Sine of the Sum of B and £, 
Is to the Square of the Sum of the Sines of thole Angles-, 

So is the Square of the Tangent of half BE, 
To the Square of the T^ngen; of the half ^uni of the ?ides B A - 
and AE. 

Andjr 
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fig. ^ And, 

^^^^* As the Sine of the Sum of the Angles B andE^ 
Js to the Sum of the Sines (ff:the Angles B and E j 

So is the Tangent of half the Bslfe B £, 
To the Tangent of the half Sum of the Sides A B and AX 

But, 

As the Co-fine of the Sum of B and E, 
Is to the Co-iine of the DhBFcrence of the Angles B and E j 

So U the Sine of the Sum of the Angles B ^nd% 
To the Sum of the Sines of the /aid Angles. 

And therefoie. 

As the Co-fine of the Sum of the Angles B and E, 
Is to the Co fine of the Difterencc of the Angles B and E i 

So is the Tangent of half the Bafe B E, 
To tJie Tangent of the half Sum of the Sides A B and AE. 
Which toot toAe Demonfirated. 

THEOREM III 

In all Spherical Triangles : 
As'theX>ifference of the VerfedSines^ of the Sum and Difference 

of am Two Sides (including an Angle ^) 
Is to the Diameter -^ , 

So H the Difference between the Verfed Side of the Third Side, 

and the Verjed Sine of the Difference of the other Two Sides, 
To the Verfed Sine of the Angle comprehended by the f aid Two Sides. 

b EM NST R AT 10 N. 

j5- Let the Sides of the Triangle Z S P be knowo, and let the Ver- 

XXI X ti^ Angle be S Z P : Then (hall Z S, theone Side, be equal to 

* Z R, and P R equal to their Sum ; and P B the Verfed Sine- of 

P R, and P C, is the Difference of the Sides Z S and Z P, and 

^ the Verfed Sine of P C, is P M 

Now then, M B is the Difterence between B P, the Verfed Sine 
of P R^ the Sum of the Sides, and P M the Verfed Sine of P C, 
the Diflfererice of the Sides. 

M H is the Diflference between P H the Verfed Sine of P S, and 
PM the Verfed Sine of PC the Difference of the Sides: aV 

is 
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is the Diameter, and O V the Verftd Sine of P Z S the Angle . Ftg. 
Sooght: And the Right Lines N C, KL, and RG, being Paral- XXiX. 
lei, by the Work, their Inter-fegments M B and R C, and aUb 
M H and S C, ate proportional. 

And therefore, 

MB : MH : :RC : S Ci 

R C : S C : : aV : OV5 . 

Therefore, M B : M H.: : aV : O V, 

Or, M B : M H : : half oy : half V. 

I 

Which was to be Demonflrattd. 

T HE REM IV. 

In all Spherical Triangles ^ 
As the Re3angle of the Sines of the Sides containing the Angle 

enquired, . ^ 

Is to the Square of the Radius -, 
So is the Difference betvoeen the Verfed Sine of. the Bafe^ and the 

VerfedSine of the Difference of the other Tjpo Sides j 
To the Verfed Sine of the Angle fought. 

D E MO N ST R A T I N. 

Let the Sides of Triangle A E K be given, and let the Angle at 17^. 
A be enquired ^ and from O, let fall the Perpendicular B. XXX, 

Now then, O E being the Diftcrence of the Sides A E and 
A K, eaual to A O ^ the Right Line O Q is the Right Sine there- 
of, and E CLthe Vetfed Sine. . In like manner, S M 's the Right 
Sine, and E M the Verfed Sine of E S-, that is, of the Brife E K 5 
and M Q.or OB, is the DiiFerence of ihofe Veifed Sines. 

O K, is the Verfed Sine of the Angle O A K, in the Meafure of 
the Parallel O F^ and D X is the Verfed Sine of the fame Angle- 
in the meafure of a Great Circle, whofe Diameter is H D. Now 
then, becaufe of their lil^e Arches, it fhall be 

As D C : D X : : O L : O K: 

And becaufe N E and O K are Parallel, as alfo EC and O B, the 
Angles B O K and C E N are equal : And the Triangles E CN 
and 0KB like ^ and therefore the Sides N E, E C, B, M Q 
and K, are Proportional : And it will be 

M As, 
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P<> AsLO:DC::OK:DX» 

XXX. N E : E G : : O B : O K. 

It will alfo be. 

A$LO»NE:DC*EC::OK*OB:DX»OK: 

Or ieje£^iag the common Altitude OK, it will be 

As LO*NE:DC*EC::OB:DX, 

The Verfed Sine of the Angle fought. Which wu to be Dmcn* 
ftrated, 

THE^OREM V. 

In all Spherical Triangles, 

As the ReSangle. of the Sines ofibe Sides containing^ the enquired 
Angle, 

Is to the Square of the Radtm^ 

So is the Re3 angle of the Sines of the halfSum^ and half Diffe- 
rence of the Bafey^ and Difference of the Legs, 

Ti> the Re3ang(e made of the. Radij^y and half the Verfed Siite^ 
of the Angle enquired. 

D E MO NS T:R ATIO N. 

fja^ It is already proved by the laft Theorem^ 
xyckj That, As L O * N E : to the Square ot the Radius: 
^^ Sois.OB:DX. 

And therefere alfo, . 

L Q * N E : Sq. of Rad. : : half B 2 half D X* . 

And now in the following Diagram, OEG H, the Sum of 
E S, and E, is the double Meafure of the Angle B S O ^ and 
the Arch S is the Inference between the Bafe E S and E O,. 
the Dif&rence of the Sides A K and A £•, And^ 

As R : half OS:: ,0 H : half B.. And, 
HalfO S, aodhalf O H, is pquat to OB * Rad.. , 

Therefore, 

to * RE : Sq.Kai. :: half OB * Rad. : half DX * Rad. 

And 



X)f spherical Triangks, 8 J 

* « 

And alib^ Pig. 

LO^NE :Sq.R. ; : half S * half O H^: half D X ^ R. ^^^* 

Which was to be Demonjf rated. 

THEOREM VL 

In all Spherical Triangles, 
At the ReOangle cf the Sines of the Si(ks earaiunit^ thei enquired 

Is to the Square of Radim ; 

Sots the KeQangle of the Sines of the halfSum^ and half Differenc€ 

of the Bafe^ and Difference of the Legs^ 
To the Square of the Sine of, half the Angle enquired. 

DEMONSTRATION. 

It is already proved by the h^ Theorem^ That E&. 



XXXI, 



/ 



But the Re£hngle made of Radius, and half the Verled Sine of 
an Aich^ is ec^ual to the Square of the Sine of half the Aich : 

As in the foregoing Diagram •, let the^ Arch given be D T, then 
is D X the Verfed Sine of that Arch } and D F the Right Sine 
of half the Aich ; and the Triangles DFRandDTXare like. 

Therefore, 

DR:DF : : halfDT (=DF) : half D X: 
And, D R ^ half D X, is equal to the Squ^e of D F. 

Therefore, 

L O » N A : Rg. : : half S * half OH ; the Squaicof D F. 

Which mas to be Demonftrated, 
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The Solution of the Tmlve Cafes <?/ Oblique-angled Sphe- 
^ rical Triangles, without any Regard had to a Perpendi- 
cular let folly whereby to reduce it ittto Two Right-angled 
Triangles. 

jff, AND the- Spberica/ Triangle which I (hall make ule'of is 
LXII. Xa. that noted with Z S P, whofe Sides and Angles^ both in 
* Sexagenary Degrees and Minutes, and Decimal Pans alfo, are as 
in this. Table is exprefled. 



iV. Mi. 



n«*^as 



S P . 

zs 

PZ— 

< z- 

,< p - 



42 
30 

24 

134 
4tf 



04 
00 

04 

DO 

oS 

18 



Centef. 



■»^> 



42.07 

3o;oo 
24.05 
1 04.00 
36.13 
46.30 



Cafe I. 



Yig, ^ ASE L Tvoo Sides^ Z S and Z P, w//ib /fc^ Angle P, ^/?/)<?- 

XXXII. /-^^ ^^ ^^^ ^ ^*^^> ^^^^^ ^/v^;/ -, Ti? j?/7rf rfe^ Angle S, bppofite 
to the other. 

Analogy. 

As the Sine of Z S, 3^ Deg. Co-Ar. c.^oroipp 

Is to the Angle P, 4tfDeg. iSMin. 985^1186 

So is the Sine of Z P, 24 Deg. 4 Min. 9.6 lo^'^s^ 

To the Sine of S, 36 Deg. 8 Min. ^9.7705850 

CASE 11. Two Angles^ S and P, with the Side Z P, oppofite 
to oneofthem^ being given •^ To find the Side Z S, oppojite to 
the other 

Analogy. 

As the Sine of the Angle S, 3dDeg. 8 Min. CcAr. 0.2253935 

Is to the Sine of Z P, 24Deg. 4 Min, 9.6104465 

So is the Sine of the AngleP, 46 Deg. 1 8 Min. 98591 1 80 

To the Sine of Z S, 30 Deg. ^9.6989581 

CASE 
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. Fig. 
, XXXH. 

Cafe III. 
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CASE III. TtBO Sides, Z? andZ S, with the Atigle S Z P, ^ig. 
contcdnei hitmen ihem^ being given •, . To find the other Angles^ XXXH . 
" • " Cafe III. 



S and P. 



d. '. 

50 CO 

2d 04 



54 


04 


.5 


56 


27 

2 


02 
.58 



52 00 



Side^ {II 

Sum 

Difference 

Half Sum 
Half Difference 

Half the.Angle Z. 

Analogy. 
F/r/? Operation. 

As the Sine of half the Sum of the Sides 27 d. 2' Co-Ar. 2.3424577 

Is to theSineofhalf the DrflFcrente of the Sides 2.58 8.713P520 

So is the Co tangent oi half Z, 512 d. 9.8928098 

To the Tangent ofhalf the Difiference of the <*s7 ^9,aAQoiQ< 
SandPfsd. 5ni. - j^/'8.?492i95 

5irre?W Operatim: 
As Co-fine of half the Suinof the Sides 27 d. am. 7 0.050x47^ 

.. ToCofine of half their Difiference 2 d. 58 m. 9 P994I75 

So Co-tangent of half < Z, 5 2d. 9.89280P8 

• To Tangent ofhalf the Sum of the <'s SandP ^ ^,^.^42475 2 
41.3J'. i' . 

d.ni. 

- Which half Sum of the Angles S and P 4» ' 5 
Added to half Difference of the Angles 5 o^ 

Gives the Quantity of the greater < P 46 18 
^ And fubftrafted, gives the leffer < S. 36 08 



CASE: 
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^'i- CASEIV. Taw Atiglff, S and P, and their contained Side 
Q^^' S P, being give/t-y Tojindtbe other. Two Sidet, Z S attdZ P. 



I 



Angles 1 p 


3tf 

4<J 


08 
10 


Sum 


8a 


18 


Difl«rence 


lO 


03 


Half Sam 


41 


op 


Half Difference 


5 


I 



Analogy. 

Firfi Operation. 

As Sine of half the Sum of the Angles S and P ? ^ »o.^^^ 
4id. 9a Co-Ar. ^ S 0.1817525 

Is to the Sine of half their Difference 5 d. i nti. S.9^02960 
So is the Tangent of half the Side S P 2 1 d. 5 nt 9%'i$6i^9 

To the Tangent of half the Diff. of ZS andZ P \ ^g -q^-,,. 

Second Operation, 

As Co-fineof half the Sum of the Angl^ S and P-> ^ ,^^^t rr 

41 d. 9n1.C0.Ar. ^ S ai232"i 

ToCo-finc of half their Difference 5 d. i m. 9-99^^^ 

So is the Tang, of half the Side S P 2 1 d. j m. p,;ttf^g24 

To Tan. of half the Sum of Z S and Z P 27 d. 2 m. ^9.7076060 

s, 

d. m. 
To this half Sum of Z S and Z P 27 02 

Add half their Difierence ^2 55 

Their Sum is the Greater Side Z S 2p 57 
And fuhftiafied ^ves tl»; Lefler Z P 24 07 



CASE 
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CASE V. Tm Sides Z S, andZfy with the Angle P, oppo- fig. 
Jtte to one of tbem,, beittg Given j To Jktd the third Side S P. - XXXII. 

• ■ Fiicfi Operation. ^^^''^* 

As ifae Sine of the Side ZS^ 30 d* Co-Ar.- 

Is to the Sine of th« AnglcT, 46 d. 18 m. 
So is the Sine of tbsSide^ P> 2^A. 4 n). 

To the Sine of the Angle at S, 3 tf d. 8 no. 

Then, 
The Sides are 



0.30102pp. -^ 
P.85P1185 

P,<5!044<5s 



^^.7705950 



zs 

ZP 

Their Sum 
Their Di&rence 

HalfSum 
Half Difference 



^0 


00 


24 


04 


54 


04 


•5 


5<J 



p 

s 



The Angles are 



27 
2 



02 
58 I 



4<5 

b2 

10 

4t 

5 



i8- 

08 

2d 
10 

05 



Second Operation, 

As the Sine of the half Difference of the Angles ^ \ ^:.^^ 

SandP, 5deg. 5niin. Co-Jr. f »05a543P- 
Is to the Sine ofhalfthe Sum of thole Angles4id. 13 m> 9.818S250 • 
So is the Tangent of half the Diflference of the Sidesi c ^— « 

T-fS^n/l-TP »A^a rSmSn J- 8.7I3952O' 



Z S and Z P,- 2 deg. 58 mtn. 



J- 



To the Tangent of half S P, 21 deg. 4inin. ^p.58532op.- 

Whole double is 42 d^. 9 mtn. for S P. 

CASE VI. Tow ii;?e/«, S W P, voith the Side S Z. oppofae 
to oneoftbem^ be'wg given ; To find the third Angle "L,. 

firft Opera'ton,, 

AstheSine of the Angle at P, 4<J d. 18 m. Co-Ar. 0.140881 5 < 
Is to the Sine of the Side Z S, 30 deg. 9.^^8^700 

Sio is the Sine of the Angle.at S, 36 deg. 8 min. p.770oo<?3 

To the Sine of the Side Z P^ 24 deg. 4 min. ^9. 609^ 576 



XXXL« 

Cafe VI.-: 



Then, , 
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Then, 

The Sides 

30 



I 



Z S 
ZP 

Their Sum 
Their Difieflence 

Half Sum 
Half Difference 



5+ 



00 

o 

04 I 



S 
P 



The Angles 
36 



27 
. 2 



02 
58 1 




XXXTI. 
Ca/c VII. 



Second Operation. 

As the Sine of half rhe Difierence of the Sides Z S7 o^ « 
and Z P, 2d, 58 m. Co-Ar. J 1.28(^047 

As to the bine of half the Sum of the Sides,4 1 d.13 m. p.8i882< 

So is the Tangent of half the Difference ot the An- 7 o . ^- 

gles Sand P, 5 d. 5 m. S ^^^^' j 

To the Co-tangent of half the Angle Z, 52 deg. 10.054^4' 
Whofe Double, 104 deg. is the Angle Z required. 

CASE VII. Taw Angles, S andY, and a Side ZS, ovpofiH 
One of them^ being given j Tejind the Side between tpeniy S 

Firfi Operation. 

As the Sine of the Angle at P, 4^ deg. 18 mln. Co-Ar. o. 14095 

Is to the Sine ofihe Side Z S, ?o deg. 
So is the Sine of the Angk at S, 36 deg. Smin. 

To the Sine of the Side Z P, 24 deg. 4 min. 

Then, 

The Sides 
Z S 30 

ZP . 2± 

Their Sunri 
Their iDiflerence 

Half Sum 
Half Difference 






5 4 

27 
2 



00 

04 



02 

58 



s 
p 



^•9.oio5< 

The Angles 

i£. 
b2' 

10 
5 
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Second Operas ion. 

the Sine of half the Difference of the Angles •> 
S and P, 5 d«. 5 min. Co^Ar. j 

Is to the SineOf half their Suni^ 41 ck^. 1; mui. 
is the TanMnt of half theDlflerence of the Sides? 



89 



» 95 2 5439 

9.8188250 

j. 8.7145345 



Z S mZ P, 2 deg. 58 min. 

To the Tangent of half the enqoired Side, 2i deg.7_, .o-„, 
4f'niui, j'»'9'5»5?oH 

le Double WHeieof is 42 deg. 9 oihi. for the Side S P. ' 

* • - 

dSE VnL Two Sides, ZSandZ P, dAJibe Angle P, op-- p. 
pqfite to the Side Z S, being given ; Tojindkhe Angle Z, c^ir- jtyxi 
fiainedbetween the Txao given Sides. Q^rjvm 

Erft Operation^ 

theSineof ZS, 3odeg. G^ilr, . 
Is to the Sine of the Ande P^ 4^d^, x8 min« 
is the Sine of Z P, 24dieg. 4 min. 

To the Sine of the Angle at S, 36 deg. 8 min. 

» 



Then, 

The Sides ' 
ZS 
ZP 

Their Sum 
Their Difietence 

Half Sum 
Half 



30 

24 



00 

04 



S 
P 



0.3010299 
9.8591 1 8<$ 
g.6 1044^5 

X9.7705950 



The Angles 
35 08 
a6 18 



54 
5 



04] 
5^ 



.»7 
2 



02 
58 



82 

10 



26 
10 



41 
5 



>3 

05 



Second Operaion. 

;he Sine of half the Difterence of the Sides Z S "I 
and Z P, 2 deg. 58 nwn; Co-Ar. S 

8 to the Sine of half their Sum^, 27 deg. 2 min. 

fe" Are Tangent' of half .the Diference of the 7 , ©j-^^, I. 
Angles S and P, 5 deg. 5. min. J ^4*^^ 

'o the Co-tangent of half Z, 52 deg. \- ^9.^9^7^17 

The Double whereof, i4od%. is the Angle at Z required. 



i.28tfo47s>' 
5 



N 



CASE 



V. 



* 

fig. CAS E 1%. Two Sides Z S 4ff/ 2 P, with the Angle Ti^ com- 
Xkkf. (rebeiiJedbettiievitbm^T&fatdtixibiriSidt^?. 

O^ft IX. You nroft firit fiod the Two other AnglcsSaniP (by the ^40ft) 
and then you oi^y find the 9dd S P (I^ the ij¥ Gt/e here<rf.} 

..!-.. . And fo^ 

The Aqgte J I J wiU be found » be | ^ jj 

And the Enquired Side S P 42 39 

This frobiem may Ims oth^rwife ^Iblved at Turo^Operaiioi^ Iqr 
a Vro}fl€m next foUowinj^ the Twelve Q/>/. 

Ek- C -4 5 £ X. Tw Angles^ S ^/ri P, w//& the Side hetv^en. them^ 
XXXL S P being given ^ kofind the ibird Jmgle at. T^ 

Qale Xii 

This Gafe muft be relblved la the fame nmider. as tb» fbiego- 

ing, it being but the CoAferfi^ thereof: % finding firft the Two 

SSea^ZSandZP, (bf theA/Jb Ci/ir) aodchen the Angle Z (by 

tbT]^ Cj/fir.) So.]roii Ihall find 

d» &)« 

The Side { II } to wntaih f 30 oo 
And tbe EiK|aiKd Angle Z 1,04 00 

Ef. Qr^S E XI. TWf iM^ -ZS, ZP ^iS^^P^ *«>^ ^/v^jr ^ Ti^ 
XXaI. find the Angle at 2^ oppojite to (the Safe) SP. 

C^^XL -j^^^- - 1 ^^11 jIjjjj s*$p tfiftBafe (which ever b be), that is op- 

pputa to the Enqsked:. Angle. Tbesi 

l&ffi: OperaUen. 

i|^t)ie,&sidiusy oc Sine o€ sro^d^* to. 

Is to the Sine of the Side ZS, ^odeg; 9.69^700 

So is the Sine of the Side Z P, 24 deg. 4 min. p.6io44^1 

. TOut^ftuiitl^Sine^ vU. iLdeg. 4i$min. jr^.3&?4^^5 
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Then, p^ 

d, m. XxXL 

CZP 24 04 G/^XL 

The Sides are <ZS jp 00 

^SP 42 o» 

Their Sum 96 13 

Half Sum 48 o^ t 

TheBafeSP 42 o^ Subft, 

Difiference ,5 57 f 

Second Operaion. 

As theSinc of the fourth Sine before found, 1 1 dcg; ^ ^ - ^ 

46 min. Ci-ilr.- S ^-^^583$ 

Is to the Sine of the half SutU) 4S deg. 6 f min. p.87 1 8 1 1 5 

So is the Suie of Dti&rence 5 dasL 57 7 poidaiStf 



To a ievemh Sine. 1^-5786 1 3^ 

Half this leventh Sine is 9*78930^8 

WhichistheSioeof ^8deg. whofe Complement 52 deg. is 
half the. enquired Angle at Z, v/^. 104 d(^. 

Another Way to refolve tUs Cafe. 

Take half theDifemce between the Two Sides diat contain 
the feqmrol Angles am add it to half the Bale, and likewiie Tub- 
ttnOt It fi:rai the lame, noting the Sum and Di&renoe. Tbeo, 

The Arithmetical Complements of the Sines of the Sides cm^ 
nehendmg the enquired Angle, added to theSu]es<^the Sum and 
uiGferenoe before found, nau the Sum ofdiem (hall betheSine 
of half the Angle requh^. 

Their I^&ience is 5 y6 

The lialf Difierence is 2 '5*8 

Which added to half S P »i Of^ 

The Sum is 44 oij. ' 

And fuUlraCted, the Difieience is 18 6 



N t 
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Then, 

The Sine of the Side ZS, \oAeg. Ar. Co. 0.^0132^9 

The Sine of the Side Z P, I24 Beg. 4^ min. ilr, O. o 58955^5 

The Sine of the Sum, 24deg. 2 4.nfun. 9.6190219 

The Sine of the Di&tence, iS deg. 6 {. min. 9.4924864 

The Sam ^9*793^9^7 

The half whereof is the. Sine of 52 deg. i min. ■> ^o^^,,,o 

halfoftheAngJeatZ: • S 9-^^^^^^^ 

CASE XIL Three Angles Z,.. P and S, being £ive ft j T<7 /;Trf 

This is the Converfe of the former^ and is to be refolved after 
the fame manner;. Butfirft, the Angles muft be tarned into Sides 
as foUoweth : For, , 

The Two Leffer Angles, S and P^ are always equal unto Tv*o 

Sides of another Triangle, comprehended by the Ajrcbes of Three 

Great Circles drawn from their roles, and the Complement of the 

Gieater Angle Z to a Semicircle* (or 180 degO nnill be taken for 

the third Side. T4ierefore, in this Tnangjle thus converted, you 

(hall by the preceding nth Cafe find an Angle -, that Angle ib 

found, (hall be one of the Three Sides enquired. 

Vig. As in the Triangle A C D, the Poles of thofe Arches are H, 

XXXIIL R and d^ whkh conneaed, make the Triangle H R Q^ the. Sides 

of the former Triangle, being equal to the Angles of th& latter^ 

taking; for one of them the Complement of the Greater. Angle 

to a^^miicircle. 

So AD IS equal to the Angle at H y vriiofe Meafuse is the 

Arch EN. 
D C is eqiial to the Angle Q^ whofe Meafure is the Arch M P. 
And A C is equal to the Complement of, the Angle H R (b 

whofe Meafure is G L 
Therefore, "ffthe Angles A, D and C, be given, the Sides QR^ 

Q H aod R li, are likewife given. 
If therefirc we refolve the Triangle HRCl by the DireaionS' 
•f the nth Cafe beforegoing, the Angle fo found fhali be the 
Side require^. -^ 

CHAP. 
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H A P. VIIL 

■.r-> 

:: ;<4-PrjobIem W T^orera, ly W«y of Supplement, 



Mottiy Sphori^al Triangl€^c^7)£(x jSw/<fjrj D B j/r// B Q w>ft /^^ 
: . A/ligle B,x iuclu(fed befwre/r'n^CM being i'r^'en { To find the ott^cr 
t.y'AffJeSy BandC^ by Xm Proper tio^s. ' 

^^Tr>F{IS Problem, was. invented by the Lord Nepia-,^ a Ad is Fig. 
^;>jL> cefebrated, not lefe for its Subtilty, than Urefulnefs, in refo!- XXXIV. 
vjng this Cafe^ without ktting fall a Perpendicular, or any Ambr- 
gqity>.i ' ' ^ . - . 

AN AL'0:WJE'S.' ' ^ 

1, As the Sine of half the Sum of xhe Sides Including the Angfe 

given, 
Is to the Sine of half the Difference of thofe Sides •, 
So is the Q)*taBgent of half the Vertical Angle, 
To theTangentof half the DiflPerence of the Two unknown 
Angles. 

Then^. 

2. As the Co-fine of half the Sum of the Two given Sidesj . 

Is to the Co-Skie of half theDifference of fbofe Sides, 
So is the Co-tangent of half the Vertical Angle, 
To the Tangent of half the Sum of the Angles. 
The half Difference before found, being added to this 
fc^/^ 5i;^/» now found, gives the Gr^j/^r, zxA Jubfirathd 
therefrom, gij^ the JL^r of the Two unknown Angles. 

D E MO N STR A'TIO N. 

SdppofeA,E,G, Poles of the Sides D B, DC, B C, there- 
lore the Aich A.E is equal to the Angle D; the Arch EG eq^al 
to the Angle C^ the Atch AG equal to i8o deg. wanting the An- 
gle B. Suppofe the ArkE-0, eouat to the Ark EG, equal to the : 
Ark E P. Then if the Points G A O E P be Stereograph icaUy 
proje£led, the Right Line A E will be equal to Tangent of half 
the Angle at D^' and A G^ eopal to tbeCo-taogentof hatfB i and 
A (), equal to the Tangent of half the Difference of the 'Angles ^ 
and AP, equil to the Tkngent of half tlie Sum of the Angles ^ 
and OGP will be a Semicircle, dcfcribed from its Pole E, through Q, 

whole 
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Fig. whofe Center fuppofe, n. Then take B X, equal to. B C, equal 
XX^IV.tQ^B L-, and draw the Dianieter ^B «r A0, and DK, parallel to 
B fflr, parallel to cA H. Therefore, D B is equal lo <^ B ^ and » 
K) equal to » H , and F K, equal to D L. > Draw X 6» perpendi- 
cular to D d^y tlien the Triangle X c/^ j^ is equiangular to the Trian- 
gleD l^ys andD L K, equiangular to the Triangle X <y^ «* i there* 
fore, l^y : d^y ::D L : d^\: And, as D L : «r X : : L K : 
d^ w J ahd therefore L cf^, i)arallel to K «. But the Points i/^ X H «• 
are in a Circle, whofe Dianoeter is c/* X: Therefore the Angle 
X « H, is equal to (the Angle \d^H^ equal to the An^e Ld^p^ 
equal to) Ko>y. Therefore the Angle K » H, equal to v « \ 
equal to a Right Angle : Therefore, mli^=^m^ :sz m}(. Al- 
fo, xK : L K ; : (w X : w R ; :) Tangent of the AnglcDXcO : 
the Tangent of the Angle D d^ L •, that is, 

As the Sine of the Sum of the Sides, 
Is to the Sine of the Difference of the Sides ^ 

So is the Tangent of halfthe 5iyx9of theSides, 
To the Tangent of halfthe Diference of the Sides. 

Therefore, 

As the Sine* of the Sam of the Angles^ '^ 

Is to the Sine of the Diffirence of the A^/es ^ 

' So is the Taf^ent of half the Sum of the Angles^ 
To xYi^Tangent of half the Difference of the Angles. 

.But, 



The Sine of the Sum of the Sides, 
Is to the Sine of the Difference of the Sides, 
(as the Sine of the Sum of the Aqgles : Sine <A the XHfferenci^ 
of the AngleO 
So is the Tm^ent of half the Sum of the Angles, 
-To the Ti»r^M/ of half the Difference of Oxe Angles. 

That b. As X K : X H : : A P : A Q. 

Therefore, . 

fXKiI«fXH:t^K— tXH::tAP+fAO:tAP— tAO. 

That is> X « : MM : : A ff : ff G 

Bat 
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Bar ali<v the And* /vX «, is equal to the Angle G A ff ^ there- Yh 
&ie (^jPr, 4 ^. EmcL). the Tuaagles X «r ai. and A « G, are XXX1V< 

r'an^^r^ and t6«i«fore the Tiriaogtes X \\ uand A O 6 ^ and 
the Triangles X K «j isA k? (s, aie equiaogjotar. Therefore, . 
X« : X H : : Ad-. GO, and X» : XK : : AG : AP. 



Andd^X : XH : : AG : AG. andXw : XK : : AG : AP. 
Bat D X : Xa» : : DLVL ICW) j iX-^ j and <y^X : X«: : </> L 
(LHy:XK, . , ^. . 

DX : DL : : (Xm :XH :.:) AC?: A O. 
And <^ X : </> L : : fX* :• xK .-,:; A.G : AJ*. 

. That is. 

As theSine of hadf the iW» of rhd Sjld^ 
Is ta the Sine of half rlie Diffennee of the Sides ^ 

So is the Co-tangeot ^ half the Vertiesl An^e^ 
To the Tangent of half the Difference qf the Ajogles.^ 

And, 

As the G>fiw of half the Sum of the Sides, 
is to tfaeCo -fine of half the Diffcreme of the Sides ^ 

So is the Co^taogent of half the Vertieal Angle ^ 
To thcTangeot of half the Sum of the Ai^le. 

CO RO L t Jitil E S. 

In any Spherical Triangle, 
£ tan. fBafe : Tan. f Sana ot the Sides ; : Tan. i f Difier. of 
tfie Sides : Tan< f . Difier. of the Segooents of the Bafe ASl^ 
made bjr a perpendiodar Arch fiffiflg thereoa fiooiL 

A G: AO : : AP: A<< 



ff. Tan. JLBafe : tali, f Sort Sides : : Gc-Bne. f Sun <*s : €o- 
finef Diff •<fs. A G> : A P : : <Ax : ^L : For the Angle 
E AG s= the Aich D B, and the Angle A G E ==<«> the 
ArchBC . - 



BL TattfBale: r.iSom Sides i : j. f Samof Aug. : /. t^iE 

A G : A O ; : t) X : D L. 

IV. K 
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fig. IV. If the Angle E G A be ftppofed Right, then A P *{«, A O =*, 
XXXI V.^ u A G q. that is, In H Kidit-^nigted Spherical triangie, EGA, 
'' tlie Tang. t Hypot. •i-f Per. ifTan. f Hypot. •— t Pct, is «= 
'the Square of the Tangent (^ half the Bafe. 
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C H A.P. IX: 

Sowe Problems in Vlain Trhutgks^ which come not withim 
the Limitf^oftbe Twelve foregoing Cafis* 

TROBLtM I. 

fo the ObHque-angled Triangle C B D, there U given the Angle at 
C, (iitf.2odegO theSide'D^^ oppofite thereunto {1170 foot :) 
And the Two Sides^ D C andC B, in Oni Sum^ { 1^96 Foci : ) 
Tojind the other Angles D and B^ and the Sidos/everalfy. 

CON ST R UCTIOlsr. 

Fi£ TjXtend the Side of the Triangle D Q to A, making C A 
XXV JL-/ equal to C B •, and dtaw the Line B A, fo fliall you have 
conftituted a new Triangle A O B,* in which you have given, 
(1.) The Side A D, equal to the Sum of the Sides D C and CB, 
{i4P7.; And (^2.; the Side DB fiayoO And (3-) being you 
have the Angle D CB^ ( I itf a. 1-2111.) you have alio the An^e 
B C A in the other Triangle/ (6^ 80 d.) the Complement thereof 
to a Semicircle, or 180 dea 

' Then in the Triangle ACB, having the Angle at .C^-to) 
you have alio the Sumof the other Two Angles, C A B and A BC, 
equal to the given Atogle DCS, ( i id.20 ) the half whereof is 
the Angle CAB (58.10 d.) to which the Angle ABC is equal, 
becaufe the Sides C A and CB liibtending thofe Angles, are e- 
qual : And now in the. Triangle I>AB Jrou have given, (i.)rhc 
Side D A, 1497. C^J The SideDjB, 1270. . And (^.) the An- 
gle, DAB (oppofite lo.D B) (58.10 dO by which you may find 
the whole Angle DBA (by Cafe I. of Oblique Triangles : For, 

-' As tog. D'B ; /^.CAB :,: Leg. D A 1;J. A BD. 

1270 . sS.iod. 1497 95-V3df. 
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From which, the Angle CB A 58.10 d. being fubftrafted, theie Ftg. 
will remain 37.43 d. for the Angle CB D, and then the Angle XXXV. 
C D B will be 26.37 d. the Remainder of the other Two, Cand 
B, to 180 q. 

And for the Sides, they may be found by thefirft Cafe of Oblique 
Triangles,^ thus: 

As X C : Log. D B : : x B : Log, D C 

1 16.20 d. 1270 3743 d. 865 

As X B : Log. D C : ; X D : Log. C B. 
37,43 d. 865 26.37 d. 6^2 

P R Q B. IL 

hi-ibe Ohlique-Mglei Triangle C D B there is given the Angle at 
C^ (\ 16.20 d.) The Side D B, appojite thereunto ('i 270 Foot,) 
And the Difference of the other xvoo Sides C D and C B, (23 j 
foot.) To find the Two unknown Sides /everalfy •, and the An- 
gles at D and^. 

CO NSTRUCTIO N. 

IN the Given Triangle, make C A equal to C B, and draw the I?/* 
LineB A ; fo is the Given Triangle CD B, reduced into Two XXX VL 
Oblique-an^ed Triangles CAB and ADB^ in which laft is 
given the Two Sides, A D and D B, but never an Angle^ and in 
the other, only the Angle at C, and never a Side. 

But (by ConftruQion ) the Side C A being made equal to the 
Side C B, the Angles C A B and C B A are equals and the Sum 
of them, equal to the Complement of the Angle at C, (1 16.20 d.) 
to i8od. that is, to 63.80 d. the half whereof 31.90 d« is equal to 
the Angle CAB, and the Cotnplement thereof to 180 d. is 
148. 10 d. e(}ual to the Angle DAB. 

And now m the Triangle DAB, theie is given, the Sides AD 
and D B, and the Angle at A, to find the other Angles, by Cafe L 
an^ II. of Oblique Triangles, Thus, 

' As Log. D B : X A : : Log. A D ; x. A B D. 
. J270 . i48.iod. 233 ^•53 d* 

Which added to tier Angle C B A, before found, 31.90 d. the 
Sum will be 374^ d. for the Angle C B D* 

O Then, 



XXXVL 



9S Jama M^them^ca, 

Theo, 

. As yDCB : Log.DB ::xCBD : Log. CD 
iitf.aod. 1270 37.43 d.. 8(55 

And, 

As xDC B : Log. D B : i f C D B : Log. CB 
ii5.2od. 1270 2^.67^ ^32 

PROS. in. 

fe the KghtangledVlain Triangle A B Q there U given^ the Bafe 
. ABj (2%¥oot.) And the O^otenufe C B, and Ferpendicular 

C A, in one Sum^ (viz. ^6rofit) to Jind the other Sides and 

Angles Jeve rally. 

fig. T N the given Triangle ABC, extend the Perpendicular A C to 
XXXVII. X D, making CD eoual to C B ; fb (hall yon have conftituted 
a new Trian^e D A B ^ in which there is given, (1.) theRi^r 
Angle at A. (2.) The Bafe A B 28 Foot, (3,) The Side AD, 
equal to the Sum of the Sides A C and CB, by which you may 
find the Angles A D B, and ABD, (byCafel of R.Ang.Tri.y 

As Log. AB : Rad. : : Log. D A : /DBA 
28 r.45.ood. jtf <J3.43d. 

Whole Complement 2^.57 d. is the Angle A D B, ta which the 
Angle C B D is equal, bedaufe the Sides C B and C D, fubtendin^ 
them, are eqnal by Canftroflion. Then horn the Angle DBA 
tf343[ d. before found^ you fttb(lra£t the Angle D B C, .26.57 d. 
laft found, the Remainder 36.86 d. is equal to the Angle C B A^. 
and the Complement thereof, ^3.i4d. to the Angle CAR 

And then, 

As jACB: Log- AB: : jCB A : Log. C A. 
J3.i4d« 28 36J86d« 21 

And io : ; Rad. : Log. C Bt 

^od. 56 \ 



Otho^ 
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Other mi^ by tiU Theorem. p^ 

^fr(m ibe Square of the Sum of the Baji and PerpendictH^ D A ^*^3DtVDL 
56 (j i3<) you/MbflraH the Square ^ the Safe A B 28, (784) 
andJbviie the Kemainckr (2352) by double toe Sum of the Hy- 
patenufe and Perpendicular $6^ (viz. 112), the ^otient (21) 
will give the Perpendicular : which fubftraSed jrom the Sum 
(jtf), leaves (3^) for the Uypvtenu/e. 

P Tl O B. IV. 

.The Three Sides of a RightRned Triangle, being given^ To find 
the Area. 

ADD the Three Sides of the given Triangle together, and 
j\^ take the half thereof : From which half Sum, fubtra£l each 
Side of the Triangle leverally, and note the (everal Differences i 
Then multiply the HalfSum^ by any one of the Differences^ and 
. that ¥roduU multiply by another of the Differences^ and that Tro- 
duU multiply by tne third Difference : The Square Root of this 
third pW/ya,inall be the Area of the given Triangle. 

Example. 

In the Triangle ABC, whofe Three Sides are A B 20, AC f??- 
34, andBC42: Their 5/^;» is 95, the half whereof is 48 : xxxvill. 
From which fubtraSl the (everal Sides, 20, 34, and 42, and there 
will remain thefe Differences^ 28, 14, tf.— Then, multiply 48 
(the half Sum) by 28 (the firft Difference) the Produft will be 
1344 : Whidi multiplied By 14 (the lecond Difierence (the Pro- 
dua will be 188 16: And this Produd multiplied by 6 (the 
third Difierence) produceth 1128yd;: V^^ Square Root vtlL^nof 
is 33^, for the Area of the Triangle ABC 

By logarithms. 

To the Logarithm of half the Sum of the Sides^ add the Lt^a- 
rithms of the feveral Differences of the Sides from the half 
Sum .: Half the Sum of thole Logarithms ihall be the Lo^rithm 
of the Area of the Triangle. 

2 . : : Example. 
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^.^ Example. 

•Xxxviii. Thehalf5»;woftheSides— 48) (1.^812412 

f AB 28 ^ whole Loga) 1,447 15 80 

The Difference of < AC— 1 4r rithmis \ia£^6iiIo 

I BC 6 J (0,7781^12 

Their Sum 5.0525764 

The Half Sum 2.52^35^2 

Which is the Logarithm of 3 3tf, the Area of theTw/sp/r. 

P R R V. . 

JBy the Three Sides given 5 To find the Feint in the longer Side,. 
ixhere^ a Perpendicular Jhall fall^ and the Length of that Per- 
pendicular. 

R 17 L E. 

TARE, the SumzvA' Difference of the Two Sides, containing, 
the Angle from whence the Perpendicular is to feU^ and . 
multiply tfaeni together, and divide the Product by the third Side^ 
upon which the Perpendicular is^to fall, the Qjiotient added to the 
third Side, or fubltrafted from it, (hall be the Double of the. 
Greater or Leffer Segment on either Side (rf'thc Perpendicular. 

Example 

flg^ . In the £)rmer Triangle ABC, the 5iw» of the Sides A B and 
xxxviu. A C, is 54, and their Di&rence is 14^ which multiplied together, 
produce 7$i\ which divided by the 5/^^^ B C 42, the Quotient is. 
18 •, which added to the Side B C 42, gbes 60 ; the half wfaerer 
of 30, is the Greater Segment of the Side B C ; or the Quotient 
1.8, fubflrafted from the Side BC, leaves 24^ the half whereof 
12, is the Leffer Segment B I>, yfvhttQthQF.erpendiculan is to folk 

By Logarithms. 

Tjd the Sum of the Logarithms of the Sum and Difference of? 
the Sides containuig the Ajy^le from whence the. Ferpendtcular is. 
to fall, fubftra£b the Logarithm of the Side uponr which it is to 
fall The Remainder (hall be the Logarithm of a Number ; which 
added to, or liibftrafted from the5/S? on which the Ferpendicu-- 
/or is to fall, (hall be the Doul le of the Greater or Leffer Seg- 
ments of the Side on which the Perpendicular is to fall. 

Example.' 
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Example. . Fi^. 

' ' aXXYIIT. 

ThcSiimof ABand AC is ^4 . 17323P37 

The Difference of A B and A C is 14 i.i4£j28i 

Their Sum 2.^78)218 

The Loiarhbm of thethirjd Side B C 42^ fubftraft 1.6231493 

Remains 1.2552725 

Which is the I^^tfr//fe«f of 1 8, Which 18 added to B C 42, 
makes 60 ; the half whereof 30, is the Greater Segment C D^ 
or 18 fubftraftei from B C42, leaves 24 •, the haU whereof 12, 
is the Lejjer Segment B D. 

For the Length of the VerpendUular. 

RULE. 

Multiply the S-um of A B and B I>32, by the Difference of A B 
and B Di 8i the Produft will be 256, whofe^j^^^ Root is idj * 
fi)r the Length of the Ferpendicular A Dw . . 

By. Logarithms. 

Half the Sum of the Logarithms of 3 2 and 8, the Sum and 
Difference of A B and B D' is the Logarithm of the Verpendicular.^ 
The hogar. of the^Sum of A B and B D 32, '-5^5 '5 

The Logar. of the Difference of A B and A D 8, o Q0309 

Their Sum 2.40824 

The half 1.^041 r 

Which is Logarithm of \6\ the Length of the. Perpendicular AD. 

PROa VI 

The Bafe B A (or longeft S\dGyof a Plain Triangle B A D, being- 
4^.8 P. anda Perpendicular D C, let-fall from the Angle oppo-^ 
Jite to that Side 17.33 P. being given \ To find the Area of 
/fcj/ Triangle. 

TO the Logarithm of half the given Side., add the Logarithm Jig. 
of the Ferpendicular, th6 Sum of xhofs Logarithms (Jiall be XKaIX, 
the Logarithm 01 the jArea of xhn Triangle. • 

. . Tfie- 
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Fig. The Bafe B A, is 47.8 — 

XXXIX. The half Btf/Sr , ^3.9— -^f— i.37l397l 

The l^erpeniicular D C 17.3 3~ L^. — i>2j87p8tf 

' Thi^JLogaritbrn of 414-2 2.6171^65 

Which is the ilr ^j of the Triangle. 

Aft8r the fame^tnannef) if theBW^ of a Tr/^;r^/<f weie 41, and 
ati^Terpendieular 16^ the ilr^^ will be fband to be 3 16. 

PROB- VIL 

There is tf;70blique- angled Plain Ttiangle A B C, one ofvohofe An- 
gles at the Bafe B C *f 5 3.48 rf. And the Sum of the Two Sides 
oppofite to the Bqfe B C, viz. A B and A C, i$ 129^ and the 
Bafe C B, *f longer than the longer fide AC^ by 16.B* The re- 
fpeS'tve Sides and Angles of the Triangle are required. ' 

CONSTR UCTIO N. 

% 

Eif.XL TXRaw a Right Une BC, at Liberty, for the Bafe; and upon 
JL/ one end thereof, at B, make, an Angle ABC, to contain 
53.84 d. Then the Sum of the Two Sides A B and A C being 
together 120, break it into any Two eqnal or unequal Plrts, as 
into 43.sand 7^.8, then (^by the Tropojitton) muft theBafeBC, 
be pg.5, which is greater than A C by id.8. — So in the Oblique- 
angled Triangle ABG, you have given, (i.) Th^Side AB 43.2. 
(2.) The Side A C 76.8, (3 ) The Angle oppofite thereto, ABC 
53 d. 50 m. by which you may find the Angle A C B. For, 

As A C 7<J.8 : Is.to j A B C 53.84 d. 
So is AB 43-2 : To J A C B 27.02 d. 

P R O B. VIII. 

Of the Menjuratim of the Area of a Spherical Triangle. 

Lemma I. The Xunary Superficies of the Hemifphericksy are ae the 
Angle^ of the fame Superficies. 

fif^.XU. ^TpHE Proof of this Lemma (amongft many other Ways) may 
X be thist 

Let the Meridian Semicircle A £ D be imagiped to be equally 
moved over the Longitude of the Equator B E C, upon the Poles 
A and D. Therefore the Angles on the other fide of A and D 

(to 
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(to wit, F and G) fhall be as the Times. The Superfides Wo^ r^ vu 
K and M, fhall be as the Times •, therefote F lliall be to G^ as , 

the Supeiiicies K, to the Superficies Id. And G unto M, as thei 
Superficies M> to the Superficies K, ^c* howfoever they can be 
taken. For, ^. ' 

Tboje Tbingi that a£ree to a 'Thirds ■ • " 

Agree among ihetnfehes, 

COROLLART., 

Therefore, by Conopofition, 

AsF»^.G : G : : K A M : M, 
Or, As F »fr G : F : : R ^^ M : K. 

That is, 

* 

As the Two Right. Angles are unto G, 

So is half tlie Spherical Superficies^ to M;. 

And, As Two Right Angles^ are to F •, 

So is half the Spherical Superficies^ to K. / 

Lennma II. The Triangle G, is equal to the Triangle H, t^catffe fgg^yrjjj;^ 
the Angles and Sides of one^ are equal tc the Angles and Sides 
jf the other: To wit, A = E^ B =E, C = F. AJ/o^ 
L = O, M= P, >{ = Q. Therefore they are Congrnoi^. 
and Equal. 

THEOREM: 

''the Excefs of the Three Angles, outer and above Two Right An* 
gles, divided hy 720, Jhex»s vubat the Area of the Tfiamgle,^ is, itk 
refpeS of the whole Spherick, 



: A 
Yoi\sf Lemma L ^180 : B 




: t Sph. : G * R 



t Sph. : G * S 
4Sph. :G*T = H*T. 
(fy the Second Lemma.) 
Therefore, As 180 : A 4* B HbC : ;. half the Spherick :. ta> 
3 G * R * S 4< T, (iiy 24 £/. 5 £v.) 

As 18© : A4* B 4* C — j8o : : 

So half the Spherick : 3 G 4* R 4*^S Hh T-4ialf the Spb. 
But G >{• R •)• S 4« T i»cq,aal to half the Sphetick} 



» • 
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F/#, Therefore, 5 G * R •{^ S 4* T — half the Sph, = 2 G. 
XLII. So tha^ As 180 : A A B>^C — 180 : : 

: : So is half the Spherick : to 2 G. 

And the Antecedent Terais being Qpadropled, it fliafl be, 

As 720.: A ^B 4^C— 180 : : 2 Sphericks : 2 G. 
And fb the Spherick to G. Therefore, 



whole Sphenck* 



} 



Thefe Things are likewife true in all Spherical Pofygons^ of what 
Ordinate Figure ioever they be ^ or In-ordinate^ fo all the An- 
gles be given. And theRealbn is, becaufe all Folvgons may be 
relblved into Triangles. , Therefore, this "Rule Ihall hold in 
thefe Multangles alfo. , 

Multiply 1 80 d. by the Number of the Angles •, fubdu£l the 
Froduft out of the A^egate of all the Angles increafed by 360 d. 
The Refidue divided by 720 d, gives the Area of the Polygon. 
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Oj the Completion of a Scdid Body. 

^Rom the foregoing Menfuration of the ilr^j of a Spherical Tri- 

angle^ this Fruit arifeth. 
If the Radius of the Sphere be 100000,00, the Side of an in- 
fcribed Icofaedrum (hall be i05i4<$.22, equal to the Subtenle of 
^3 deg. 2d min. 10 fee. Therefore the Flain Equilateral Triangle 
F E O (in the icofaedrum) aniWers to the Equilateral Spherical 
Triaftgle in the Sphere ^ whofe Three Spherical Triangles are con- 
• ne£ted in the Flain Angles^ in the fame Points, F, E^ Q. 

And the Sides of this Spherical Triangle are fepatatcly taken 

^3 deg. 26 min. 10 fee. to wit, becaufe their Subtenfes F £, EO, 

G F, in th6 Plain Triangle^ are equal to one another. 

Ef, lit fall now the Perpendicular E P, the Spherical Triangle 

XUII. E P O (hall be Reaangled^ where, over and above the Right 

Angle at P, are given, E O and P O, equal to half E ^ where- 

. fore the Vertical Angle P E O fhall be 3 ^ deg. juft, and the 

whole Angle at.E, 72 deg. And the Sum of theThiee equal Aji* 

gles^ E, F, O, (hall be 21 d deg. from whence taking Two Right 

Anglesy 
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Angles^ equal to 180 Deg. there remains 3^ Deg. Therefore, 
the Triangle E F O is ^, of the whoW Spberkky tbdt is ^ ..ff • 
Part: And this moft truly, &x 20 tytatnrdet FEOC:, fill the ^^*"' 
Solid Place of tht Icofaedrum^ And £0 20 Spherical Bafes^ ( co- 
vered over with '20 Triangular IBlain oafes^) compleat the 
whole Spherick. '-*.'., 

FEOC is One of the 20 pyramids in the Icofaedrum : 
The fllnn Triangte B, is One of ihp Ikdre or Bafes : C is th& 
Center of the Body^ or Sphere^ that circumfcribes it* 

4.77 Icofiedres ^ 

4.24 Dodecaedres / TiVLz Solid Vlaee^ as will appear 

oT^^ Oaaedres > o^ of Fi^^edent^Pw^^ 
^•:li±.^ . \ and Spberteal Fofygons. 

8.000 Cubes J ^ '^ 

That is to &y. None of the Five Begutar Baches fill a SoM 
Vlace^ the Cube only excepted. 

Contrary to what ^otanum^ and fiom him Ramus^ and all 
that have Showed Ra?mis y to wit, SneUius^ and others^ 
have delivered. v 
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SECTION ir. 

Spherical Tfigonometry, Geometrically 

Ferformed. 

« 

AS the Si^es^ of Plain Triangles are Three Right Lines, in- 
terfering each other upon a F/^/;? ; And a Rf^Ar L//7^ is 
The Short efi Extenjjon between any Two Points upon a Plain Su- 
perficies : So the Sides of a Spherical Triangle arc Three Arches^ 
oiThie^Greai Cirfles of the Sphere^ intei letting €ach other 
upon the Globe. And* an Arcb of a Gr^j/ C/>c/^, pafling 
through any Two Points upon a Spherical Superficies^ is the near- 
eft Diftance between thofe Two Points^ 

In Purfuance of the Work in this Chapter intended, t fuppcfe 
the Reader to be acquainted with the Circles of the Sphere j that 
is, to know their Names and Situations upon the Globe^ to what 
U/e each of them ferveth*^ and alio, how to projeft any of them 
upon a Pfain^ anlwerable to any Pofiticn of the Globe : For to* 
&ch as do not, this SeSion will be but of little Ule •, and. there- 
fore I would advife my Reader^ before he enter upon thisGeom- 
trica/ Vf ay of tQiblving Spherical Trian^less to perufe the Begin- 
nings of the Second and Third SeQions oiiht Third Part hereof v 
which treat of the Circles of the Sphere^ and their feveral PoC- 
lions and Afle£liona; in^which he may receive very much Satisfy- 
3ion concerning thole Particulars So that itlhaU fuffice, in this 
Place, tha» I declare, 

I;. What a Great Circle is. 

2^ How to ProjeS fuch^a Circle of the Sphere upon a Plaiitr 
iiiitable to any Day. and Time of the D^y, at any time of the 
Tear^ and in any Latitude. 
J. To difcover the Triangle^ which is made by the Interfeftion 
of thofe Great Circles fo projefted- 
/*^4 Tp;fin(f vtte Poles of thofe^ Great Circles. And, 

5*. To Meajure the Sides and Angles of the Triangle fo laid 
down : Which to do^ is ufually ailed, The DoQrim of the 
Dimenjion of Triangles^ ' U \\fhat 
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I. Whut a Great Circle is. p. 

A Great CIrc/e of xhQ Sphere is I'uch zCinle^ as divideth the XLIV. 
ivhole Sphere into Two Equal farts or Hemifphfres : Of which, 
there are generally accounted Six, t^/^, 

C Meridian J C ^quinoaial 7 r*^t„,« 

The ^ Horizon > The < Solllitial /Colure, 

. C iEquinoflial J ^ Ecliptick, 

Befides thefe Six Principal Great Circles of the Sphere xhcrc are 
oiher Circles^ which are Great Circles alfo. As are all Azimuth j 
or Vertical Circles. Alio all intermediate Meridians or //^JVf C/>- 
cles. And thefe are fuch as we have moft occafion to niake ufe 
of in tliis Place: And here note, That all Great Circles projefted 
upon d^Plain^Steriographically (ox GrcularJ ^tq either, (i,; Per-^ 
feSf Circles (as the outward or Primitive Circle is. Or, (2) Semi- 
Great Circles^ projefcled within the Primitive Circle. Or, (3) 
They are Strei^ht Lines., paffing through the Centre of the Primi- 
tive. Circle, as afterwards will appear. 

11. Hovo to Projeft the Circles of the Sphere upon a Plain, and 
Jvoerahle to a Prefixed Time and Place, 

PROBLEM. 

LET it be required to ProjeH RichCircles of the Sphere in P/ano^ 
upon the Plain of the Meridian^ in the Latitude Norths 
40 Deg. Upon the loth of June^ at the time of the Sun's Ri- 
Jing 01 Setting'^ and alio at 10 in the Mornings or 2 in the Af- 
ternoon^ the lame Day : The Sun then having 23 Deg. 30 Min. 
of North Declination. 

Firji^ With 60 Deg. of a Scale of Chords^ upon the Point A, 
defcribe the Primitive Circle Z H N O, reprefenting the Meridi- 
an of the Plac5. 

Secondly^ Draw the Right Line H A O for the Horizon of the 
Place s and at Right Angles thereto the Line Z AN, for the JE- 
quinSial Colure^ Z being the Zenith^ and N the AW/> Points. 

Thirdly^ Take 40 Deg. (the Latitude given) out of your Scale 
of Chords^ and fet them from Q to P, f rom Z to iE, from H to S, 
and from N to if ; and draw the Line P A S for the Axis of the 
World, zxA Hour-Circle of Six ^ and the Line M k dt^ "for the 
JEquinoilial.^ 

fourthly^ Becaufe the Sim^s Declination at the time given is 
23 Deg. 30 Min, take 23 Deg. ?oMin. and fet them firom JE ' 
to «, and from ^ to « ; And if you lay a Ruler from JE 01 a 

Pa .to 
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%• to «, it will crols the AKis^i the World PAS, in the Point f\ 
XtlV. fo have you Three Points, » F ®. through which you may draw- 
the Circle » F fl5 ^ which will cut the Horizon H A Q/ in the 
Point © , the Place where \S\tSun y^ill rile that Day, 

fifthly^ This Point © bcingj found^ you have Three other* 
Points given, vis,. P, © ^nd S •^/through which you may tiefcribe . 
the Circle P © S which is the Hour at which the Sun Rt/eth. . 

And thus have you xProjeSed^ fo far of the Vroblimy as- 
concerns the Time or the Surfs Rifing. Now for his 
Place of being at Ten in the Morning^ or 'Two in the 
Afternoon. 

Sixthly^ Ten in the Morning, or Two tn the Afternoon, are 
(either of them) Two Hours, or 30 Djg. diftant from the. 
Meridian : Wherefore^ take 30 Dig. from your Scale of Chords^ . 
?ind fet them upon the Meridian^ from it to G, then a Ruler 
laid from P to G, wll. crols ihtMquinoSial Circle R k £^ 
in the Point Bj fo have you Three Points, S, B-and P, by 
which you may ?rojeS the Circle SBP, iox x\\t Uaur Circle 
of Ten in the Morning, or Two in the Afteftoon: And the.. 
Circle S B P, will cut the Tropick oi^ Cancer ^ A » (the Line 
which the Sun traces that Day,) in the Point C \ in which Point the . 
Sun will he at Ten in. the Morning, or atTwo in the Afteraoop. . 

Seventhly^ And now have you Three other . Points, N, C 
and Z, through which you may draw the Azimuth G/'CIe 
Z C N, for the Azimuth^ that the Sun will be upon at Ten and . 
Two a Clock. 

lil- G7/?^^r;7//^^ /ft^ Spherical Triangles that are made by fbelnter^ 
JeUions ofthefe Gteat Circles thus projeSed. 

Many are the Triangles^ that are made by the InterfeQ ions of 
thefe few Circles upon this FrojeQion^ but 1 fhall exemplifie on- 
ly in Tw^of them^ namely, the Triangle P ©'O, Right angled 
at 0, which is compofed of Three Arches of Great Circles of 
the Sphere^ viz. (i.) Of ®.0, an Arch of the Horizon^ com- 
prehended between O, the l^ortb Point of the Horizon^ 
and ©, the Point in the Horizon , whereon the Sun Ri/eth 
that Day, or his Amplitude from ihe Nortk (2.) Of. if Qy 
an Arch of a Meridian or HourrCircle^ pafling through P^ 
the I^orth ?ole of the World •, and ©j the Place of the 
Sun*s Rifing that Day, equal to 66 Dz^. 30 Min. the Com- 

plemeDt 
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pNment of the-Sm's Declination that Day. And, (3.) Of P O, ?ig. 
an A^ch of fhe Mtridinn of the Vlcwe^ comprehended between . XflV* 
0/ th^.North ?aJnt ^f the Umzon^ ini FythQ North Pole^ equal 
to the Latitude given, 4oDeg. 

Tlie &Mi TtiAft£l'^' ftaU be the ObUqHe-angUdTriangleZ C P, 
<wnftjtuted by the InterfeQion of Three other Great Circles of 
the • Sphere-^ namely, Of (i.) Z P^ an Arch of the Meridian of 
the PA/r^, . comprehended between Z the Zenith^ and P, the 
AV/fo P^/^, equal to 50 Deg. the ComplcpKnt -of the Latitude 
of <th$ Place- • (^.) .Of PC, an Arch of a Meridian^ or -W^^r- 
Ctrr/^ of Ten or Two a Qock, equal to 66 Ik%. 3Q Min, 
the Complenaent of the Sun's Declination \ or^ the Sun^s Di- 
JiJncefrom the elevated ?ole P. And (3.) Of ZG, an Arch o{ 
an Azimuth or Vertical Circle^ paffing through the Hour Circle ' 
S C P,-in the Point P, where the Sun is at Ten or Two a Qock 
that Day, and is the Complement of the Sf^'^s Altitude at that . 
lime. .. 

lY. To find the Poles oj thefe Great Circles, they being, thus v 
VrojeSed. 

The Vole of any Qrcat Circle of the Sphere^ is, always, po Deg. • 
diftant in all Places, from the fame Circle, upon a Right Line, < 
or Circle^ which cuts it at Righr Angles : So, 

1. TYi^Tole t^ (be General Meridian^ or Frimitive Circle^ 
. , Z H N O, is'A, the Center thereof, in all Places diftanc 

5?o Deg. - 

2. The l^oles of the Horizon H O,. are Z and N, the Zenith 
and Nadir Points. 

3- The ?oles of the MquinoSial TH'a^ are P and S, the Voles 
of the World. 

4. The Voles of the Mquino3idl Colure^ or Axis Q^ the World • 
PS, are JE and a. 

5. The Voles o{ the Vrime Vertical CxtcUy or Azimuth of Eaft 
and Weft^ Z A N, are H and 0, the North and South Points ^ 
of the Horizon. 

And thus you fee, that all Great Circles of the Sphere^ which, - 
when VrojeQed^ become Strait Lines^ their Voles fall all in the 
Periferie of the Vrimtive Circle: But for all otlier Great Circles^ . 
which confift of Circular Arches, zs P © S, P B S, and Z D N, the 
Poles of them Jail within the Primitive Circle Z H N O, upon 
thofe Great Circles^ which cut them at Right Angles: S?, 
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Which foints or P^^/fx may be thus fi>Qnd. 

1 . For the ?ole df the Hour-Circie P © Q S^ lay ^ Rdler 
from P to Qa k will cut the Primitive Circle in tfj fet 90 
D^. of your Chords^ from ato b^ a Ruler laid from P 10 
b. will cut the MquinQSial Circle in R^ ib is R the Poie of 
the Circle P © QS. 

2. For the Pole cA^ the Uaur-Cirele P B S, lay a Ruler from 
P to B, it will cilt the Primitive Circle in G, fet 50 Deg. 
from G to r, a Ruler laid from P to c^ will cut the Mqut- 
noffial in T, fo is T the Pole of the Hour Circle of 10 
and 2, viz. PBS. 

3. For the Pole of the Azimuth^ or Vertical Circle 'Z D N, 
lay a Ruler ftom Z to D, it will cut the Primitive Circle 

. in ^, fet 90 D^. from ^to ^, a Ruler laid from Z to ^, 

will cut the Horizon H A O in V, fo is V the Pole of the 

Azimuth Circle Z P N. 

And in this manner may the Pole of any Great Circle be found. 

For the Centers of them, ihey always fall in the fame Right Line, 

in which their P<7/^j are^ they being extended, if Need be: But 

no more of this in this Place: For I intend not he/e a Treatifc 

of ProjeSion^ but of the Meafuring . of Tri^nglts^ to which I 

now proceed • ^ . . 

V. Hqvo to Meafure ihe Sides and Angles of Spherical Triangles, 
they being tht^ Pr ojeSed, 

You muft underftand. That the Quantiries of the Sides and 
Angles ot Spherical Triangles are , meafured upon the Periferie of 
the Primitive Circle. 

Then, 
J. In the Right angled Spherical Triargk P © 0, Right-an- 
gled zxO^ there is given, (i.) The Perpendicular PO 40 
Deg. equal to the Latitude given by the Propojition. 
(2.) The Hypotenu/e P ©, the Complement of the Sun^s 
Dec'inatinn 66 Deg. . 30 Min. And let ir be required to 
to find the B.'i/e © O, whofe Meafure is © O, the Sun^s 
\ Amplitude. 

Liy 
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Lay a Ruler toZ, theP^?^ of the Horizon^ and to the An- fig. 
lar Foi/it ©, it will cut the Primitive Circle in thd Point /, XLlV, 
theDiftance from / to O, meafured upon the Scale of Chords^ 
ill be found to contain 58 Deg. 38 Min. and that is^ ibe 
ikntity of the Side O \ and is the Amplitude of the Sun's 
fing or Setting from the North Part of the Horizon at O ^ 
d lis Complement, 3.1 Deg. 22 Min. Js the Quantity of. tlie 
cfe A ©, the Sun's Amplitude Irpm A, the Eaft and J^>/? Points 
the Horizon. 

The Canon for Calculation U^ 

Ase s ?0 : Radius .:: c s? <S> : c s ® O. 
50d. ; 5od. : : 23d. 30m. : 3id. 22m, 

2. By the lame Things given to find the Angle at the Per* 
pendicular © PO, yvhofe Nieafure \%^^ Arch oi ^ Mqui^ 
nobial T <f , or the Hour froni Midnight ^ 
Lay a Ruler to P; ih^ Pole of the World, andT, it will cut . 
Primitive Circle in d^ and the t)iftance a£ meafured upon the 
lie oi Chords^ will* be found to be 6% Deg, 36 Min, And 
t is the Qjiantity of the Angle © P O: Which 68 Deg- 36 
n. converted into Time^ (by allowing 1 5 Deg. of the ^Equi- 
Hal for One Hbur^ and 4 Deg. for One Minute of Time) makes 
lours, and 34 Min. , Which is the Hour from Midnight, or 
Tinse of the Sun's Rijing in the Mbrning : Whofe Comple- 
ct to T2 Hours^ IS /Hours, 26 Min. theThne of ih^ SunV 

ting. 

The Canon for Calculation *f, 

As Radius : r. P O :: <:r.P © : ^j.®PO. 

5^od. 40d. 23 d. 30m. 2id. 24 m. 

» • 

V By the fame Thing? Given, to find ilvs Angle at the Bafe 
P ® O i whofe Megfure is an Arch of a Great Circle inter- 

i cepted between the Hour-Circle P ® S, and the Horizon 
H ® O. . 

orafmuch as the Sides O P, and ® O; of the Triangle 
♦ O, are lefs than ^adrants^ we muft meafure the Angle 
O5 by the Angle H © S^ which is equal to it. To perform 
ch, 

ay a Ruler to R, (the Pole of the Hour-Circle P Q3) and ©^ 
A/rgular Pointy and it will ctJt the Primitive Cirde in ib^ 
I fct 90 Deg. from 6 to 4 : A .Ruler laid from ^^Pole R^ to- 
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Fig. a, wilk eat the Hour^Cirde P QlS in ii : Then lay a Rulet iiom 
LXIV. © to *, 'It will cut the Frimitive Circle in /, and the Diftanoe 
from / to H, meafured i^n the Scale of Chords^ i^m\[ be found 
to contain 44 Deg. 30 Mio. for the Quantity of the Angle 
H ® &p which is equal to the Angle P O O required: kai 
this is the Afigle of -the Sujfs Vofoion^ ( in refpeft rtthe Volef^ 
and North Part <>f the horizon O^) at the Time of his Rifing 
. or Setting^ 

The Canon for Calculation k 

Asx. P© : Radius ;: j. P O : jP©0. 

66A.'iQm. : pod. :: 40d. : 44d.30mi 

And thus are all the Sides and Angles of the BJght-an* 
gled Spherical Triangle P © O meafured : 'And the like may 
: be done in any other Right-angled Triangle j of which, in this 
.•5^&^«f^ there are many. 

VI. And now for the Oblique-angled Spherical Triangle Z C P. 

In- this Tr//i/?f/(? there is given, (i.) The Side Z P, 50 Deg. 
; equal to the Complement c^the Lasiiude given^ (2.) The Side 
CPy66 Deg. 3 J Min. equal to the Coinplement of the Sim's 
iDeclination given- And, (3*) Th^ Angle 2^ P C, 30 Deg. the 
Horary Difiance of the Sun from the South Part of the Meri- 
dian ; namely, at Ten or Two of the Clock. And from thefe 
Things given, let it be requked to find the third Side Z C, 
the Complement of the Sun's Altitude at the Time of the 
Qpeflion, viz, at Ten in the Morning, or at Two in the After- 
noon. Which, to perform, 

Lay a Ruler to V, the ?ole of the Azimuth Circle Z D N, 
and to the Angular Point C, it will cut the Primitive Circle m 
IV, and the Diftance from Z to m, by ^Scak<>i Chords^ will 
be found to 30 Deg. 7 Min. whofe Comfdement D (1 59 
Deg. n Min. is the SutCs Altitude at Ten or '[j^o ^ the 
Qock, that Day. 

The Canons^ for Calculation is 

(1.) Asct.VZ : Radius 11 cs.? : t? A. 

'40 d. : pod. : : 6od. : 4$ d. 5^ m. 
Which fubftraded from P C, 66 d. 30 m. there remains 

20 Deg. 34 Min. 
(2.)A$cs.PA : /r.ZP :: es.'Rfftn. : rx.ZG 
44d.4m« : 4od. :: 6pd. 26m.: 59d.53m. 

Ti? 
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To find the Angle Z C P. p- 

This is the il/?i/i? 6f the Sun's Yqfition at the time of the XliV. 
^eftion^ with Reference to the Fole and Zenith j and may be 
thus found. • 

In regard the Two Sides C Z and C P,. comprehending, the 
enquired Angle ZCP, are both of them lefi - than ^adrants^ 
we muft make ufe of the alternate and oppofite An^e S C N, 
• which is equal to Z C P. And, whole meafure is the Arch 
of a Great Circle intercepted between .the Meridian or Hour- 
Circle^ S C P, and the Azimuth-Circle, Z Kj M; at 90 ' peg- . Di- 
ftance' i&om the * Angular Point C : And to find the Quantity 
hereof, you muft, ' - ' ' 

Lay a Ruler to V, the Pole of the Circle Z C D N, and the 
Point C, it will cut the Primitive Circle in «, fet po Deg. 
from >w, and it will reach to;7 : A Ruler laid firom V to n^ will 
crols the Circle Z D N in the Point X. —Again, Lay a Ru- 
ler ftoni T, the Polt of the Cirde P B S^ to C, the. Angu- 
lar Point, and it will cut the Primitive Circle in 0^ let 90 Deg. 
firom oiop: Then a Ruler laid from T to />, will crofs the Circle 
P B S, in the Point Y. —Lafily, A Ruler laid from C, to 
X and Y, will cut the Primitive Circle in r and r, fo the 
Diftance between r and /, meafured upon the Scale of CJW/, 
will give 4^ Deg. 45 Min, for the Quantity of the Angle 
Y C X, which is equal to the Angle Z C P. 6nquued. And 
is the Angle of the Suns Pdfition at the time of the ^ueftion. 

The Canon for Calculation.. ... ^ ., . — 

As J*. Z C : J* Z P C : : J* Z P : j. Z C P. . 

30 d. 7 m. : 30 d. : : 50 d. : 49d. 46m. 

T^ find the Vertical Angle C Z P. • 

This Angle is the Sun^s Azimuth from the North Part of 
the Meridian Z O N, whole Meafure is the Arch of the 
Horizon D A O ; and to firtd the Quantity of it, lay a Ru- 
ler from Z, the Pole of the Horizon^ to D, it will cut the 
Primitive, Circle in ^> fo the Quantity of the Arch ^ N O, 
me^ured upon the Scale of Chords^ will be found to be 113 
Deg- 57 Min. And liich is the Sun's Azimuth from the North 
Part of the Meridian: The Arch ^ H, 66 Deg. 3 Min. is the 
Sun's Azimuth ivom the South -^ and the Arch d N, 23 Deg. 
.57 Min. is the Sun's Azimuth from the ii^//?.and U^efi, 

Q. The 
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ydmia JUatbematica* 

The Qaton for Ca/(u/atioa, 

: *. Z P C : : *. C P : J. C Z P, 

: 30 d. :: tf6d. 30 m. 66i,}m, 

(Or, 113 d. 57m. 

And thus are all thfr Sides aod Af^/es of this Obliq^-an* 
gled triangle alio Mealiured : And io inaf any' oih^, 
being thus FrofiSed. 



As x.ZC 

30 d. 7 m. 



And, to conclude^' This TmeSm Way will 9Te gieat 
Light to Calculmon ^ for by the true ddiqeatiog of your 
Triangle upon the ProjeSion^ you (hall therebyh^^dlgOYer 
whether your Side or il;?^/^ be iU^rr or Lejsvtan a 
^l^drant^ and ib be pofitive in your Bixjoliuim ^ whidi 
otherwife you rouft have Givcn^ or render a doubles^ 
lutton: As in • this bft Ang^i C Z P, whether^ it weie 
66 D^. 3 Min. Or 113 Uqg 57MiQ. The fioie Sint 
in the Canm anAvering to both. 
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SECTION IV. 

Of Spherical Trigonometry ^ InfirumentdUy 

lExplained and Performed.^ 

THE Explanatory Inftrument here defcribed, is for the bet- 
ter Inrormanon of the Fancy^ by Speculation*, and it 
is deduced frotn the - Gf/ W/V^t , ox^VnmerJal FroPofttioh^ be- 
fwe irened of in fart IL Seff. IL Cbap. \l\. or this Book. 
Noiwitiifl&mdifig, for the ConveQieniqe crf^ the Reader, I (hall here, 
agiiO) infm k: 

'Prppofition Univerlal. 

71^ Sine <fjhe Middle "ptrt^ 4»d the Ra4iu$, arc R,ea- 
prQca^^ropprtiboal, irafi^ the Tangents ^f/6e Extrcani 

In .eyeiy ^htntfgled Spherical Tnat^Ie^ there are Five Partt. 
befides the i^ir «4^/f, and they are called CIRCULAR 
TA KTSi 0t .Which, thole Three Whkh Ire molt remote 
^QQi ^le JBiglft A^ii, (99 the iiypoteeuffy uie il;;;/^ at the 
Terpeftilieufar. ani the 4%/^ at the Bq/e) are noted by their 
COMFLiiM^NTS; 

Ofihg^Roe Grful^fartt^ any lao <£ them (befides the 
B^ti il^/«). being dyeo, a T^biri/maybe&and. And, 

Oi Three Farts^^yfo jriveo, and One required) 0/>» mqft 

gQci^Uy) be in mi JIfiddlei and muft be (called the MIV- 
£epart, 

;0f theodier Tfoo ExtreamVarts^ they maft either >/« tothe 
iljf^ J*itr^ or be Separate from it, 

u^J>^'"'^'^^' PthenaiciheycaUed ? ^'^''"^• 

■^ lSeparaie&omrt,i ^^'^ I Diijimd, 

<^i If 
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If the Ext reams be ConjunS^ the Proportion muft be performed 

by^ Sins I and Trf/7^(?;7/j join dj.^— But, ^ ^ - 7 '-at' / 
Ifthe E^rcu??if .b(S ^ii>f fl^ithdj Frppofj^^ ig»y Ijejej^wrjled t)/ 

S//?^j only. * ' ' . 

— And in both Cti/es^ — — 

If the Pcirt Sought ,(wh^xhQi Side or A/tg/e) fall out to be the 

jyUdd/e Part , the^i the liudiM mult be the Firft (or leading) 
. T^rm mthc Proportion. — Bufj . , . ^ 
' '• If one of tb^ Extrftaivi •(wfejrii^f 'Cdr^an^I. -^f I)isjunity poi8eiB 

the Midd/e Part^ then the ofher Exi^eafltym^i^ bs the F/>^ 

Ter^h in the Proportion. 

• ■ « ' « 

0/ //;^ hftrument. 

^His In/irument was the Coutrivance (many Ye^rs fince) of 
the llight Worfbipful Six ^Chir/es Sca^rborow^ M.p.rand 
divers of them have been made in 'Silver andt jB>4(r.:4l}QM the 
Bignels of a Crown Piece ^^ with Trr/^j in Lfl//;/.ab0Ht-the Rimb, 
for the better bringing the- Ru/cs to be obferved, in the Ufe 
ofir, to Memory^ which Were . to* . the fam^'?ffe£i with thofe 
which I have eveli now laid down In EngUfh/ 

The Injiruments cojififts. of Two Pdrtx^. the xindeiimQft is a 
round • Piece, divided Into five Equal JPartS, which re^refent the 
¥ive Circular Pjr/j 'before f^okoi of, it- hath Twd-'Cijrcular 
Margins, near the ouier^Edge thereof j in^ One c*'the Five 
Farts is engraren lAiddle Part^ and under it /the VJorASine. 
— On either Side of Middle Party there is written or. en- 
graven Extrctun ConjunS -, and: under* them, tlje Word . Tan^ 
gent. —In the Two other of the Eive Di]^ifioiis, wbich are 
oppofite to Middle Part^ ar? en^ravep 'Extr^m ""DiqnnSy 
and under them, Cojine. All which Words anfwer direfitly to 
the Words of the Vnherfal Proj)ojition: And th1si$,att that is 
upon the Under Plate of the Injtnment. , 

The Upper Plate of the Tnftrumefit fe a Ckcle^^o, divided 
into Five Equal Parts zs the fbrmcTj' and within! tti^ another 
Concentrick Circle^ between which .^re Fiv^e .Lihe$ drawtf ftom 
the Centre thereof! ~-Withui the imermbft of thefe Circles, 
there is defcribed a Right-angled Spherical Tr/^;??/^, the Five 
Circular Parts whereof do lye direftly agaioft the FlveLujes, 
drawn from the Centre between the Two Ciixies^: And upon 
thofif Three Line? wJ^icii, jye; igainft the i/F/(7/V;^. thpj^- 
gle at the Perpendicift(tK^ and the Angle at the i^, -ii'Writ- 
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ten, oren^aven, Complements but upofi the other Two Lines»^ 
which illue from the 'Perpendicular^ and the Bale, there Is no* 
thing written. ~This Upper Plate is to nK>ve upon the. Under 
Plate by a Rivet (or fhcb , like) through the Centers of bodr 
Plates: And fo is your Infirumem fimlhed. 

The Vfe of the lnfirum€nu 

I'^HE Ufe of the Inftnraiem is principally to give you by 
; Inipe&ion \\ke^ Order of the Terms of the Proportion in 
any Cafe. 

Exatnpie. In the Triangle ABC, foppofe there were given F/f. 
the Perpendicular C A, and^he Ang/e at tbe&le B, to 6nd tliHS XLV. 
Ang/e at the Perpeodicuiar C« 

Here it is evident, that the Ang/e at the Bafe B, is the Mid- 
dle Pan : Turn the Rundle about till you bring the Ang/e at the 
Bale againft Middks tin : Then (hall you find that the Perpen- 
dicular C A, and the Aj^/e at the Perpendicular C, will (land 
agamft Extreams Dkjunff^ which tells you, that C A and C, 
are Extreams Dkjunu : And now ( the Rundle thus refting ) 
you fee that One of the Extreamt^ as C, is (ought \ therefore, 
the other Extream G A muft be the firft Term in the Propor- 
tion, againft which you find Co-fine. Wherefore (ay. 

As the Co-fine of the Perpendicular AC, 

Is to the Radius: 
So IS the Middle Part the Angle at the Bafe 1$, (againft which 
~ ftands Sine and Comp/ement^ that is Co-fne B.) 
To the Ang/e at the Perpendicular C, a^inft which ftands Co- 
fine and Camp/ement j that is Sine j for, Co-fine Complement 
is the Sine it felf. 
And io the Proportion in £hort is this ; 

As r J. C A : to Radius ; : So r x« B : tox* C 

r 

Another Example. 

In this Triangle A B C let there be given the Itypotemfe C B, fig. 
and the Angle at the Perpendicniar C, to find the Bale B A. XLVf. 

It is evident that B A is the Middle Fart. Bring B A againd 

the Middle Fart^ then will C B and C QxA againft Extreams 

Dkjuaa: And (becanfe the Middle Part) B A is fought, the 

Radiut muft be the Ftrfi Term in the Proportion, and the Two 

Extreams the Sectmd and Thirds againft both which ftands 

Comp, Coftne^ (which is Sine)-, and againft B A the Middle 

Part 
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Part ibaght, there (lands Sine ,z[&\ So that your Propcntioo 
wil( ^n thus : . 

.As Radius, 
To the Sme of the AjigJe the* Perpendicular G : 

So is the Sine of the ifypottnuje G B^ 
To the Sine of the Bafe B A. 

A Third Example. 
P;V Jn this Triangle A B G, let there be given the Perpendicular 
XLvil. C A, and the Angle at the Bafe B, to find the Bafe B A. 

It is here evident that A B is the Middle Hart : Turn theTi^/- 
angle about till the Bafe A B lye'againft the Middle Fart ^ then 
will the Perpendicular C A, and the Angle at the. Bafe B, lye 
againft the £x/r^j;0x ConjunS-^ and feeing the Middle Part is 
foyght, the Radius therefore muft be the tirft Term in the Pro- 
portion : And becaufe the Ext reams are D^junS^ the Proportion 
wtill be in Sines and Tangents jointly, as by the Infirument ajH 
. pears: And the Proportion, will be 

As the Radius, 
Is to the Tangent of the Perpendicular C A : 

So is the Tangent eonjplement of B, ' 
To the Sine of the Bafe B A. 

But if the fame Things were given, and the Axjgle at Q the 
Perpendicular, had been required, then B bad been the 
Middle Part^ and C A and B, the Extreams. DkjunSj 
, and the Proportion in Sines only. As thus : 

As the Co fine of C A, • ' ' * 

To Radius: 
So is the Co-fine^ of B, . . '. 

To Co-fine Comp. (chat is, to Sine) of C. 

» 

And thus, by this Injirument^ may the Proportions for the 
Solution of any Right-angled Spherical Triangle be readily 
.fet down, and the Triangle refolved in any of the X VI. Cafes. 

On the Back-fide of this Inftrufuent^ there is another Contri- 
vance of the forementioned -Gentleman's, with Latin Ver/es for 
. bringing the Rules for the Solution of Oblique-angled Spherical 
Triangles to Memory. 

I fhall not here give you any Account of it more than the 
Pigure, and the JL1//V7 Ver/es^J^v Rules) inEnglifh: Referring 
you, for the tarther underftanding^ of u, tO what is delivered 
in ;he IV th Chapter hereof, Page 6^. « ^ Of 
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Of the SolMim of Spherical Triaogles^ if 
PLANISPHERE. 

f A Vlanlfphere^ is a VrojeQion of the S^re (or G&3^) ia 

XjL PAwr(?-- Of which, there are principauyTwo^ One called ''l- 
Stereographical:^ prcgefted by Circtes ^ The other Orthographical^ XLVUI. 
piojefled by Ellipjes^ and generally known by the r^ame of 
AnaUmma. 

To either of which PAwi/Jj^ft^'rlT, there belongs proper Di^^jr^/^ 
to move upon the Centres of the fiamfpberes. As to the Ste^ 
reqgn^bica/y an hdM having Two Legs as a SeOor ^ both which , 
are to be divided^ according to the Tangents oF ba/f Arks^ as 
the Semidiametre of the Plani/phere it &lf is divided^ andmuft 
be nunibred by lo, 20, 30, {Sfc, to so I>eg. both Ways, and ' 
on both 'Legs. 

To the Jbtaientma^ or Ort^grapbica/ ProjeSHon) there muft be 
^n Index of the whole Length of the Dianictre thereof, to move 
about upon the Centre of the ProjeCHon^ whichmuft be divided 
as theDiametreof theP/tfjr(^&^^ is ; namelv, as a Scale of Na- 
tural Sines^ and muft be numhied both Ways^ from the Cen* 
tre^ by jo, 20, jo, ire. to 9oDeg. —Upon this W^x, (by help 
of a Groove made through the former Index) another Index is 
to be made to n^ve upon, and with, the former, and always 
keeping at IRight Angles with it : And this Index is to be divi* 
ded zsz Stale of Sines^ as one half of the other ^ aitd fo 
imnoibred, by 10, 20. 30, &c. to po, both Ways : And this le- 
cond Index (in the life of this Plani/pbere) Khali call the 
Curfor/ And thus much for the Defcriptions. 

Concerning their U(e, I (hall only lay down fuch General 
BMlts as are neceflary ibr the counting of the Quantities of 
the Sides and Angles of Spherical Triangles upon the feveral 
Tlamfpheres and their Indexes ^^ in all Cafes ^ both of Right 
and OUifne Triangles. Not infifthffi upon particular Examples^ 
fbr that thtougheut all this Book tkere are iuch Variety. AU , 
which (bf theie iew General Rules here delivered) may he 
wrought upon either <^ thefe Two Proge^oos. 
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Fii. T/6etSbfell<i*'i^'Stt!ierical Triangles, Jtfthe 

LXVIII. ' SMreo^aphidafcProjeaton. 

• i/0/,j$,^lit^iiglM' Spherical Tiiaii^cs.;/ ' 

J. '-r^ tctain the Method beft)Te obfen^d U> the \6 Cajis cf 
X Bright angled Spherkal Trinn^les^ I will here alio, fol- 
low the fame Order, wherein 1 (hall note the TriangU^xo be 
tefolved by the Letter^ » A P Cy fetting A at x%Q:r]Righr4figle, 
and B and C at the other Two AtMc Jiftgkf. : Sc> ihatt tba 
Ba/e be A B-, The Cathetus^ {ci Pvrp^ndigdar) C A^ The 
Uypotenufe B C —The Angle at the 5^^ B 5 and the A^^^ ac 

the Cathetus C . „ . 

It. There ai^ therirfpre, l?eri4^*.the Right Jatgh^ Yx^^Orcu- 
lar Varh ; namely. Three Siies^ and Two Angles : Of. which. 
Four cccoe ihtoth* Jiapant .'^t^pC9^ Twc>.<)t- theip are.ghren,. 
and the other Two found our>; '.. . 

3. If the Four Farts^ whkh at an^e eome-^ intu the Account^ he 
the IbreeSidesy and One Angle. —-i^ tfaj^t Acute vifljV^ he^ever^ 
more noted wioh the Letter iB\ w^ ^bc TrhfffgU may be Kfol- 

ved thus:, ' -^ \i ' ' V ' v- 

Set the Angle B at the Centte^ teckoniag it upon tl^ Lfmb 
from the Diameter ; and the^/i/3? B A upwthe Diameter from 
the CM/r^ V ««! ^^^ CoJbetm C A ijpoH the Great XjrcUs 
ftom the Diameter^ by help of the Farallels^ and the Hypotenuje 
BC upon the jk^pr frotn-the Centre. .-^^atey That if any of 
thofe Auoum^y falluojtjuft'nipon foone Line jin rhe fo/?/iiw«r,, 
either of the Great Circles' t>t Fiorsllels^ the Eicccls is ^o be. 
cftimated m Minutes or Ptfr/j of a Degree. • . . - 

Example. The Perpendicular € A, a^dthe Angle at i})e Bale 
B, ^/rfz?^ Tojmd^ (lO I7?^BafeBA. (2.) Tb^Hypote- 

- nufc G B. (3.) The Aiagle 41/ /.fe^.Cadieuis G , , . 

!• RcckoD*cn the liaw^v fr^jm ttfe-^Jw/w^Afr^ ^he^ Quantiry of 
the %xwsi Angle B-, afldi«jtbe.£«di<tbfreof,:,,fec eif^.^f the 
l^gsdii^i Index. ' \ '^.•*/ r J v^ 

2. Upon the L«b*, frofin the Dirfmeterj, reckon the Cathetus^ 
e A-, and from the end of that Arch,' eftimate realbnably, a 
Varallel Qrcle^ till it meet with the. Index : For that Point of 
Interfedion (hall fhew both^ the Hypotenuje B C, upon the In- 
dex: And the Bafe B A, . upon the Gr^^/ Circle^ meetii^ alio 
in that Point. —Then, to find the Angle at C : Take C A for 

the 
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•the Bo/J, artd C A for tte Gatbem ^ - and 4o the end ^ . that K^. 
Cathetuif apply the Index -^ fb ihall jrou have the ii^giV fought XtVIIL 
fbrQ upon the Ii«?i. c v _. 

?• Otherwife, you may fet the A?f§le B at tjie Us/^, rec- 
koned upon .^^p//ifl^4^r from the Liml^'^ and B A ,upon. the 
Limb from the Pt?/?^ and C A upon the hdex Sxop the L/;z?A • 
dnd B C upon a Gr^jr G>tf/^ from the Po/e. 

4, But if the Four Varts which at once come into the Ac- 
count, be the Two Oblique Angles^ C and B, and the Two Right 
Sides C A and B A^ then die Tri/utgle may be refolved thus. 

\. Reckon the X^r Angle on ^he Index from the Centre^ 
and the Greater Angle on sl GreMt Grcle from ih^Fole: ?So 
both of tbefc, with the Axis^ ihall include a ^adrantal Tri- 
angle : And the Greater Right Side (hall be on the Limb 
from the Pole : And the L^er Right Side Oiall he upon the 
Diameter from the Centre. . 

Lfl/?^j Tvoaf the Four Parts bcfag had ^ there will be no Dif- 
ficulty in finding out of the Hypotemge. 

IL Of Oblique-angled "Spherical Triangles. 

1 . Itt an Oblique-angled Spherical Triangle B C D, Five of 
the Circular Parts come into the Account at once^ namely, 
One Side B D^ and the Two Oblique Angles B and D, and the 
Two other Sides D C and B C ; The third Angle C, opppfiw 
to B D, is not here enquired, but only the Place of the Angu- 
lar 'Point C, both for D C and B C 

In the firft of the Three Schemes^ the inner Angle D is Ob- Fig. 
tufe^ziA B Acitte: In the fecond the inner Angle ^^^ Acute^ XIJK. 
and WObtufe: In the third, both the inner 4^^/^^ I> ^nd B 
are Acute. ' . "• ' ' 

2. The Side B D, 4% evermore underftood to be Oiwh : And 
in every Operation^ the fljft thing to be done, is to open the 
Legs of index ttf .the Wjdenefi of BD, and thereto fcrew 
them faft: Alfol call ^ the. Two jU?t of the In^x^: iSiQ Leg 
or Index B^ and the JL^^or Index D, as they ate noted with 
thole Letters. 

The Angles D and B, of every Triangle propofed, are #ec* 
fconed upon the Diameier from the Limb^ by the Great Cin- 
ties-, namely, the Angle B^ and the CbnJunS df riie Angle 19^ 
ftom«; but the Angle D, and the Xy/^unS^'c£ the An^ % 
from V : And the Sides'Xi Cisind B C,- are to-bd tecfioned V 
,'' - R 2 ^ the 
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fig. the VdralUU^, namely^ the Siids iheiilfelves, from the P^^,v 
XLlX, or their Complements and EtcdTes, from the 'Diameter. 

Note^ That of a Triangle^ the ConjunS Angle^ or the Outer 
Angle^ is all one. 

4. Tvoo Sides of an Oblique-an^ed Spherical Triangle, where^' 
of one is B D, with the Angle intercepted^ being given : To 
find out^ at one Work^ the Third Side 5 and the other Angle 
J/ B D. 

There are thefe Two Varieties 
f DC and D 7 C BCand R^ . 

Given, < > to find out < 

I BCand B i I DCandD. 

5. The R///^.. If the Angks D and B, be reckoned in the 
Upper Semicircle of , the Vlanifphere^ at the Fole- N, and the 
Angle D be Obtufe^ or B ik»/^ ; the Point C (halt be taken 
in the fbrnier Semicircle towards « : Bat^ if the Angh D be 
ilr/^/^j and B Obtufe^ the P^/^/ C (hall be taken in the latter 
Semicircle towards ^vf', and contrariwile, for the lower P^/^ S. 
— Then, upon the Diameter^ count the Angle ^ivcn^ DorB^ 
either by it felf^ or by its ConjunCl, according as was taught 
in SeO.j. And from the end of that reckoning, imagbe an 
Arch of^ a Great Grcle aptly traced, until it meet with the 
Varallel of the * Complement of the relpeftive Side given* 
D C or B C, for that Point oi Concurrence (hall be the Point C, . 
for the given SHe^ either D C or B C. Tothis Point C, thus 
feund, apply the Index noted with the proper Letter of the 
Angle g}veD) DorB^ and mark the Diftance of it. from the 
Centres for this Diftance being exa£Uy taken on the other 
Index^ (hall in the ?lanijphere give the true Place of the 
Point (ought : Which being aptly eftimated, will, upon the 
Diameter^ (hew th*e Angle fought s either B^ or the Coniun£l D^' 
from ^ } or el(e, the Conjunct of B^ or the Angle D, fiom 
v» And, )t will Ufi> (hew upon the Lintb^ the Complement of 
the Side (bugtxt. 

By what hath been before (hewed, ( that the Point C, both 
of the Sides D C and B Q are evermore equally diftant from, 
the Centre^) there is opened a Way, whereby Any Two rf Five 
Cireular Tarts ; together with /&^ . Side D B. beir^ i^^f^^ tht 
^ther Ttvo may be found at en^ Operation. 

Herei0 
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Herein arc Foyr Varieties. fig. 

DCandBC") C DandB. XLXI. 

«?«.#. ^^ DC and B ( . ^ , . ^ Dand BC. 
^»'^°OD a«iBC>*°^°*^^^')DCandB. 

D ahdB y CDCafudBC. 

. 7h RULE. 

In the Upper Semicircle of the Tlamfphere^ if the il/jf/^ D 
bfe 0*/;//^ : Or if the Side D C be much Lejfer than B Q 
the Point C fliall be taken in the former ^adrant towards « : 
But, if D'be Acute ^ oi DG much Greater than B C; the 
Pouit G (hall be taken in the latter ^adrdnt towards Yf. And,* 
contrarivfife, in the Under Semicircle. — And in both, if the An-- 
i/^x Dand B be ilr^r^, or if the 5/dtx D C and B C, differ 
but little in length, the true Point fought, fbatl fall near the* 
Axk^ towards vy, within a Space, equal to the Index opened at 
tlieWidenefsofB D. 

Set, therefore, the Index thus opened; fb that the Two Points ^ 
C, may fall within it And among the Great Circles and Pa- 
rallels, or both (according as Reafon (hall direCt j reckon the 
Two Circular Parts given, tracing tliem proportionally, with a 
Pin in each Hand, until they (hall both exa£lly meet With 
their proper Ligs of the Index^ at an equal Diftance from tho 
Centre, and as near to it as pollibly may be : ^ have you up* 
on the Ylanifphere^ the true Places ofi)oththe Points C«, and- 
thereby, the Two Circular Parts feught, reQpedively, to each ^ 
Point C-, both of D C, and B C. 

- And note farther. That if any Point C, falleth, either among*; 
thfe Parallels, near the Diameter ^ or among the Great Circles^ 
near the Limb^ where they be almoft equidiftant, there may 
be ibme Uncertainty in finding the true Points exadly : The 
remedying whereof requireth the more Diligence in the Comptc* 
ter^ but this may be remedied, by reducing the^ Oblique Trinu'^ 
gle into Two Right-angled. 

Other Inconveniencies may arile inthellle of this, as in all' 
other Ihjirumental Operatims ^ for the^ remedying whereof,. . 
VJJas optimt^ Magi ft er. 
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fie- The Sdlntim rf Spherical Triangles, hy the Orihograplii- 
XLiX. cal Projedion, <^r Analemma, 

L Of Right-angled Spihetical Triangles, 

I. ^^HE Hypotenufe is, always, reprefented upon the Index, 
X 2. The Right Angle ^ at the Scftion or any Meridian^ 

and the Mquino3iaL * *; 

3. One Leg in the Meridiany and the other in the JEquhi^ 

4. One Angle only entering the Queftion^ is reprefented at 
the Centre, berweea the v%k/>^w/ and the Index ^ and is-ttun> 

bered in the^ Umb. ; . \^ , 

5. But the Two Angles entermg the Queftion, you trmft turn the 
Cafe into an Angle^ and its oppofite Leg. For in the Triangle 
ABC, whofe Rigf)t Angle is A^ the other Two Angles ABG, 

¥tgX, and A C B, both entering the Queftion, you iftult lengchea 
the Hypotenufe to a full padroni to E-, as alfo, the Legs ad- 
jacent to that Extremity of the Hy^tenuje^ irom which it was 
lengthned. Thus in the Scheme^ the Leg A C, adjacent to C, 
frotn which Extremity xstQ HyMenuJe was lengthened: And 
fo, in the Triangle C D E, Right-angled at E: The Angle 
D C E is equal the A^gle B C A-, and the L<g D E, equal to 
he Camflement of the other Angle C BA. - 

II. 0/ Oblique-angled Spherical Trran^es. 

1. Three Sides being given ^^ To find an Angle oppofite io any 

of them. 

Reckon the Greateft Leg from the Pole upon the Limb^ and 
where it endeth,~apply the Index ^ upon the //^/ifx reckon, from the 
Limb^ the Bafe^ (that is, the Side oppofite to the Angle fought 
And to the roint of the Index^ where this Bafe endeth ^ apply 
( or bring to) ^the Qirfor : Then look where the Curfor cutteth 
the Parallel of the Lejfer Leg^ to be reckoned from the Pole, 
and obferve what Meridian paffeth by this Seftion of the Cur- 
for and Parallel \ for, where this Meridian cutteth the JEqui- 
. no3ial^ x\\tXQ you have the Meafure of the Angle fought-, to 
be account^ from thence to the lAmbi 

2. Three Angles given^ to find a Side. 
Turn the Angles into Sides^ and deal with them, as with the 
Sides. - • 

54 The 
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3. TA^ Parts Given j^Sought,* bmi'^tn^g^ther Oppofite. fj^, t. 

Reckon the Greater of the Two firft Terms upon the In- 
dex^ and' iwbefe tiih Number ^riderh Ufk^h the //7d(rjr^ apply 
rbat Point to the lefler of th« faiid tVo' firft Terms -, which 
Parallel is to be reckoned from the M^UsStial •, then order the 
Terms^ T^koning th6 firji and Third both upon the hdek \ 
Of both upon the P^r^//^/ ^ and fo likewife do with the Se- 
cond and l^ourth Terms, 

4. Tvoo Sides, mth an Angle hetv^tn them Given : To find 
the Third Side. 

'^Reckon the Greater Side given, from the Po/e upon the 
Limb ; and to the end of it, apply ihcl/tdex. Reckon the other 
Side i3iven upon the . P'^/tz//p/fy uoip ihoi »/^A? : And the A/i- 
gle given, upon the JEfuinoffiaL from the Limb'^ and the JI^- 
ridiM \i comfes to, puflue tiH it ccttics to the ft//*f>*/ cf ^ 
Leffer Leg: And to this Seif ion of "^thtfM Mertd^tjtnrk Fa- 
taileU apply ^he Curjer^ fo it may 'juftly lye bn the In^^x 5 
and mark What Point of the IndcoQ ft poiMetb ooc i 'Hor, this 
Pbint of i\A l*dex^ counted, from theli'^i/rr ys^yikeTMrdSide- 
nec^Qtred/ And after the Third Side\$ (o}SaA'^:ycAyixmf ^^ 
cirbef of the Two iinkliowa A^g/es^ hf xi^ Rj^fe':€(j^.Oip^^^ 

5» Tte^ Sides, and 4n Angle oppojfite th tbe^^jsSkt of thm^ 
Given ; To find the Third. Sidk . • ' / -. , . .. , 

Reckon the Difference of the ;gi*cti ;$/4fiV ^ ^"d tile - Sum^aff 
them (one and the fame Way)' tift)in th^-ft?/??' sfcifl marie cbe^' 
Points where both cf them- do eYid. Gorfitt alio, [the-Ahgte 
mven^ upcm the JEquinoSia/ from the L«ir^, and mark what 
Meridian it comet h to. Then e^ftending a ftraf t . Line (loratv 
plying a feait Ruler) between the Two" rbihts ttiaitesd^lrt ^e 
Limb-^ it will cuttbefaifl Meridian ib Two"Pldce$>. So' yon* 
are to obferve the Paral/e/s^ where the ftrait Line (or Rater) 
cutteth the idid Meridian \ ror, thefe being reckoned from the 
Po/fy will give 'you the ^antity of the Third Side required ; 
For, this lame Third Side^ may be of a Twofold ^antity : 
Tke Le^ ft «s^ when the Angle oppofite to the Greater given 
sQif *4# y9t0f^s ^^^ ^ Greater it is, when the fald Angle 
(oppofite to the Greyer given Side} is Acute.^ 

6» Twc 
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Ki, T 6* Tm?Stdcs, and an ^xs^ oppofite to the QtesMtff^be^ 

^* Given •, To find the third S^e. 

Reckon the Difference of the given Side$ bom die Pale^ one 
way ; and the 5/yif of the fame, the otlier way. ' Coont alfo, 
the given Angle upon the JE^'naSiai: Andettend the flbait 
Luie (or lav a Ruler) cuttug the Meridian^, as b the laft \ for 
now it will cut but once ; and to die Third Side mOX admit 
only oS one fingle Anfwer. 

The End of the Second 'Vi^t. 



VOSTSCRIVT. 

MAttf ate the Ways by which 'Fiain and Spherical Tri^gles 
oiaj h^hoith Oeometrica/fy zni Inftrumemalfy perfonwd: 
Kshf ScaUi of Natnral Stnesj Tangents^ Secants^ and Ejped 
Farts^ bv FrotraB'ton : Alio, bjr *S<*tf/i^x of Artificial Numersy 
Sines ^ Tat^ente^ and Vetfed Stnety as Mr. G«;ri^r:|one time 
finoe contrived dieni) to m ufed with Compafies: And I have 
now lately <contrivcd an Infirument^ which I ddl TRISSO- 
TETRASy which printed on a large Sheet of Paper, and 
pafted upon a Board , all Triangles^ both Plain and Spherical^ 
may hc-Kt/o/vedhf InfoeClion, without P/r/r, Gw*/^tf^x, ^eni^g 
JotntSy or other Moveaole ^ fave only the Extenfion of a Thready 
oi thin Stre^ht Rnler^ upon the (nftrument ) the I>efi:ription and 
Ule whereof I may hereafter publiih by it felE But, the heft and 
moft abfolute Way of Re/olvtttg Triangles •, and to what Qfes 
Ibever they be applied, is by the Canons of Artificial Sines^ Tan- 
gents and Logarithms ^ b6th Dedmal and Sexaghiary : And fuch 
a Canon was intended to be joined to this Book» at this time; 
but mufl be referred till farther Oj^ortunit^, which may \^ 
fhoRly. 
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WHEREIN 

The Dodrine of Plain and Spherical 
Triangles is applied to Pradice : In 
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GEOMETRY. 

In this' SeSioft of GEOMETRT, I (hall trea^ i>nljr of 
fuch fraQical Varts thereof, as the DoSrine of Ylain 
(or Right-lined) Triangles ^ (both for their Illuftration and 
Demnftration) becomes fubfervient : As, 

I. In ALTIMETRIA: By vvhicli xh^ Height of anyObJea 
* (acceflible or inacceffible) may bfe obtained s As of lozoers^ 

Steeples^ Trees^ "&€. • 

II. In tONGIMETRlA : By which the Diftance of one 
' ObjeS from 3ny Place, or of many ObjeSs one from another, 

(whether approachable, or in-approachable) may be known, 
their true Politions laid down, and a Map made of them, 

ni. In VLANOME^TRIA: By which all Kinds of 5«- 
perjicies^ (Tlegular or Irregular; zs Plains^ Land^ &c may 
be Meajured. 
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\. Of lq«, AhitmJe rfKtf is 4^eJtb/Lf '^T-' 
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%• I QUppofe AC to be a Towfr^ Steeple^ or other upright ObjeS, 

and you ftanding at B^ were required to tell the Height 
thereof, ~Firft:, Meafure theDiftance from B, to the Foot of the 
Obiea^ tvWch. Cippofe to feg .4^2.5 Feet -r:Sgcpndly/Atfi, (bjr 
z ^uMroMty £>L otti&[ CraduaiedJnfirumeiifl logk fO the top of 
the ObjeS at C, where we will fuppofe the Degrfcei found by jbe 
InfifiMm^nt to be 32.25 deg,. —By this Ob/crvation, .the Diffance 
Meafured^ and the ObjeU^ you have a Ri^ht-angled Triangle con- 
ftituted 5 in which, there is Given^ (i) A B the Diftance Meafu- 
r^^ 43 2.5 Foot. (2.) ThQ Angle at B, obferfed by your Inf&u- 
nieiit, 32.25 deg. And,_(3.) ThpR/^/ir J^ar^/^irat A: To find the 
Leg.CA, which willbethdZi?/;gA/of theO/yVff: fBy CASE IL 
of \ Ay P, T,) thus : 

As Rad ius,\ tangppt 45 » deg. . * 

Is to xti^DiJhnre Meafuftd A B, 432.5 Feet ^ 
So is the Tan. of the Angle obfervedby Inftrument at B, 32.25 d- 

1 To theJHelglit of tbeO*;>£?C A; 272.89 Feet. 

And thus having found the Height of tlie Ohje^ to be 272.8? F. 
you may find the Length of the Vjjucd Line (which is the Ifypo- 
tenufe) C B, ( by CA SE V. of fi, S, P, T) For, 

As^tlie Sine of iko- Angle Objcrved^ B, 32.25 deg, 

Is to i\iGAlihudeot'ildcObje3^ 272.8pFootj 
So is the Radius^ Sine ppdeg. 

To the Length of the Vrfual Line C B, 5 1 1-3 J Foot. 

IL Of an Altitude XJn-accejJibk. 

Vig. IL Suppofe D E to be an Objelf^ as Steeple^ Totter^ or the like : 
And that you ftanding at G, were required to know the Height 
thereof-, but (by realbn of fome broad Moar^ or other Impedi- 
ment, you cannot come to meafure from G to E. In this Cafe, 
- Firft meafure from Gj towards E, as fir as conveniently you 
can, fuppofe to F, 9-5.25 F. — Theji making Obfervation at G,. 



you find the Degrees of your ^adrant to be 52,50 d. and 0^- F/>.II. 
Jerving at F, you filid the Degrees to be 63.25. Now from this 
Dijiance MefifnrcJ.-wd the Two Ohjervations by the hftrumeni - 
made; \\k Aititude D E may be attained unto by Trigonometrical 
Calcutatiori^ thus : ' " 

Firft, Upon a Sheet of Paper, draw a Line at Pleafure, as H K, 
^fpou whlcKaflumaaPoiBS tor the Place ot your fiift landing, 
as at G, and upon G, protraftih^ AngJe obferved 52.50 d. draw- 
ing a Line through thole Degrees at Liberty. 

Secondly, By help of a Scafe, ^r your Meafured Dijiance 9?. 2 5 
F. from G to F^ and uponF^ by dSca/^ of Chards, protraft an 
An£/e of 5? . 2 5. d . as you oblerved them K) be 5 and through rhenor 
draw another Line at Pleahire, which' will cut the former Line 
drawn, in the Point D, which will reprefent the top of xh^Objeii 
to Be meafured ; and a Perpendicular let fall from D, upon the 
Ground-line HK, will fall in the Point E, ajid fo will the Line 
DE reprefent ihiOhjelf it lelf; .- 

Xhirdly, By thefe Lines thus Aawn, you will have conftituted 
Tvio Triangles 1^ one D E F, Right-angled 2itE^ and the other 
D F G, Obtufe- angled at F •, by the refolving of which, the height 
of the Inaccejfible Objeff D E, will be found. For, 

I. In the Oblique-angled Triattgle D F G, you have given, the 
Side F G f which was the Meajured Diftance) ^7.25 F. and the 
obferved Angle DG F, 52.50 d. —And the A/igle obferved at F 
being (53.25 d. the Complement thereof to 180 d. viz?ii6q'y d. 
is the Quantity of the Ohttife Angle D F G, fo have you in the 
Oblique-angled Triangle D F G, Two Angles given ; the Sum of 
whicb^ vi^. 1^9.25 d. taken from iSod. there remains 1075 d. . 
for the Angle F D G : And now in the Triar^le D F G you have 
given Two Angkt F D G, and D G F, with the Siife, F G, op- 
pofire to F D Gj whereby, you may find the Side D'F, (by Ax^ 
IL; Fof, 

As the Sinroi F D G, 10.75 d.' 

Is CO the 5/if F G^ 95.25 Foot; 
So is the 5/ w of F Q. D, 52.50 d* 

To i\i^ Si deT> F, -405.14. 

2.' In die Hight' angled Triangle D E F, Chaving'Tfbund the Hy-^ 

fotenufeds betore^ you- have given, O-) Tb^ Objerved Angle *3Lt 
, 53,2 5" d. (2.) The ffypotenu/e^laHionod, DF 4105.14 Foot; 
by which you may find D E, the Ueigbt of the Objrff^ (by Ca/e IV. 
ofR,4P, TO thusi A» 
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^v.a TI As the Radius, Sine pq d. 

■ ^' Is to the hypotenufe D F, 40 5. 1 4 F. 

So is the Sine of D F E, fthe Angle obferved at F) <J3.25 d. 
To the Leg. DE, 3<57.77 Foot; Which is the.Hdght of the 
Pbjea 

And now {Vi you pleafe; yoo may find .thq, JPT/W line G D, 
('by Cj/i'V. of R, A P, T,; thus: 

As the Sine of the il;/^/^ at G, 5 2,50 d. 

Is to the height of the OhjtVt D E, 3^1.77 R 
So is Radius, Sine 5>o d. 

To the Length of the Ttjnal Line D G 45^.00 F. 

And alfo, the Diftance E F, Cby Cafe II: of fi, il, P, T,) thus : 

As the Sine of the il;7^fe obierved atF, ^3.25 d. 

Is to the Height of the 0A;V<5f, D E, 3^ ' 77 F. ^ 
So is the Co'^ne of the Ang/e at F, 63.75 d. 

To the Diftance E F, 182.3 5. Foot 

Unto which, if you add the D/^^7/7r^ F G, P5.i5 Foot, their 
Sum will be 277.6 Foot. And that is the whole Diftance 
from G to E, the Foot of the ObjeS. 

Ill- Of /fe^.Altitude of an Ohje&ftanJing upn a Hill, Vn-acceffibk. 

fj- III Suppofe M O to be fuch an ObjeS ^ and you ftanding at L, were 
* required to tell the Height thereof. 

Firft) tlpon Paper, or the like, draw a Right-line ,ai. Pleafure, 
as<iR ; and thereia, affume any Point, at Pleaftre, J6ctbe.Plate 
of your ftanding, as L-, where, with your Inftruntent dire£^ed to > 
the top of the ObjeO^ ypu find ihe Degrees cut, to be 40;^ 2 d..^and ' 
direftedtothe bottom of the ObjeS at O, the Degrees cut, to be 
22.25 d. Wherefore upon L, protraOiafl Angle of 40.52 d. and 
draw a Line 1^ at Pleafure: And alfo b^ an Angle oi 22.25 d. 
and draw the Line LcatPteaforc. 

Secondly, Go forwards, in a RighVline towards the Ohjeff^ 
fome confiderable Diftance, as to N, 212.5 Foot ^ andthercy'by 
your InftrutAent directed to the top of theO/;;><?at M, y.6u.^ndrbe : 
Degrees cur, to be 61.82 d. through which draw a Lin^fe at Plea- 
fure, asN /J, croffing the Line L A in the Point M, whicTiisthe 
top of the ObjeQ: From whence^ ^Ferpertdicular let fall upon the 

Ground- 
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GlOufii^iue Qjt, as M P, that Line (hall be equal iothnAUi^ B^.IIl- 
tude^ dTtfeie^/V^, and the Hill together. 

Now, by the Interfe£tions of ihefe Four Vifu^/ Unes^ L M^. 
L G$ N M, andN O, there are conftkuied '^ooxRigbtiinedTri^ 
angles^ visj. L M P, and NO f, "botli fiight -angled at P : And 
L M N, and N M O. Ohlique-^tngUd : By the refolving of which, ^ 
from th? Di fiance Meafured^Yi^ and the Iweral Afjg/es obferved^ 
at L and Ni the. ^eq^^ri5d Aft i t^tde -m^y be obtained. For, 
.^ I.; In the Oblique-aT^cd^Triangk L M N, there is giv^n, 
(i.)' The Angle MX"*N,' 40.52 d; ^ (i.) The Angle L N M, 
1 18.1 8 d. fk being the Complement of the Angle O N P di .Sad. 
to . 180 AJ (y) The Side Meafured L N, 2125 Foot : And 
having the Angles at L and N, the Sam of them 1 58.70 d. tuketi 
from 180 d. there will remain 21.30 d. for the Angle L M N. 
From wbkh Things giverty the Tiro pthct Sidtt^ L M and M N, 
«]nay*be found, by i^om iL: thos: 

* 

As the Sine of L M N, 2 1.30 d. 

Is to the 5/Vif L N, 212.5 Foot 5 
So. is the Sine of M L N, 40.52 d. 

To the SidB M N, 380.08 Foot : 

And ib is the Sine of 6i.%2 d. (the Comfdetneot of M N L, . 

to 180 d.) H * 

To the 5/i5r L M. ^ik.66 ^ 

Ini^Right angled Triangle ^lA?^ there is given, (i.) The 
Uypotenufe M N, 580.08 Foot. (2.) The Angle M N P, <5i.82d. , 

whereby you may find N P, (by Cafe IV. of. R> A P> 'f,) thus i 

,• • . • 

As the Radios, Sine ;od. 

Is to the Uypotenufe M N, 3 80.0S Foot 5 
So is the Sine of the Angle MNP, tf 1.82 d. 

To the Side M P^ 3 3^5.0^ Foot: 

Which is t\^ Height of the Objeamd the tf/V/ together. 

And fo is the Cofine of M N P, viz. NM P, 28.18 d, ^ 

To to Leg. or Side N P, i'j9*^9 Foot. 
•To which, if you add the meafured Diftance L N, 212.05, their 

Sum will be 3pl.54> for the whole length LP. Then^ 

3. \nthQTnaai/'eLO?U^bt-a/igUd'a.t?) you have given, 
(i.) The Side I P, 3pi,54 Foot. (2.) The A/ig/e L P, 22.25 ^- • 

whereby . 
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Pg.Wl. whereby you may find O P, /By Cafg II. of R, A, P, TJ 
thus: ..".;.... . , . . 

' - '*• ... . \ 

As the Radius, Tang, 45d. in .» t^: - .: ' . . -O .1 

Is to the Side L P, 3 ji-S+^F^t ^» / , \ -. 

So is the Tangent of the ^;7^/? O L P, 22.25. d. 
To the Height of the Hiil O P, i6a 18 Foot. 

Which fubftraaed from MP (the whole: Height) 3? 5.^3, 
there remains 17575 Foot, for the AUltude of xhcObjeS 

MO. 

-' ■. 

IV, How the Altitude hj /fe^Sun mayhe^taken^ bytheShzAow 
of a Stafl^ or other Objeft, of a known Length. 

j5 IV ^^iP^" ^ ®' y^vci% a level Plain, let there be erfefted^ ftreight 

' ^S'/tf/^ or the lilie, of any Length, fuppofe do.00 Inches^, or 5 

Foot) as C D) and the Sun (hining, fuppofe it cafts the Shadow 

thereof upon the plain Ground to E ^ which meafurcdj fuppofe to 

contain 108 Inches, or 9 Foot. 

Draw a Line at Pleafure, as A B^ upon any Ppint thereof, as 
D, ereft a Ver^endicular^ upon which let do Irtchfe,- the length 
of your Staff, from D to C ^ and the length of the Shadow there- 
of 108 Inches, from D to E^ drawing the Line of Umbrago C E, 
and thus have you conftituted a Right-ang/eJ P/ainTriang/eCDE^ 
in which there is given, (1.) The Leg. C D, do Inches. (2) The 
Leg. D E 1 08 Inches, by which you may find the Angle C B D, 
(by Cafe I olR.A, 5, T,) thus: ^ - . ! . 

As the Length of the Shadov^ C D 1 08.C0 Inches, 

Is to the Radius, Tang. 45 d. * 

So is the Length of the Staff C D, 60.00 Inches, 
To theTtf/7^^;7/of the C E D, 29.05 d. 
And fuch is the Suns Altitude at thar tinne. 

V. Uoixi the Height of an Acceflible ObjeO: may he phiainei^ 
by the Length of the Shadow of it. 

F/>. V. ' Siippofe that the Sun (hould caft the Shadow of fome upright 
0*/>iT, as FG, 84.5 Foot, from G to L. and at the fame time, 
your SrafFof 5 Foot, does caft its Shadow irom L tol^, d.32 Foot: 
And from hence I would compute the Altitude oi \\^^ Of jcij ^ ^ 

The 



I 

0/Longimetria. 147* 

The Tv^olines of the ObjeffFG^ and Staff H L, together with % V. 
the Two Lines of 56^('to, G L and LK, bSlngiaid down, do con* 
Aitute Two fUgbt-a^leJ Plain Triangles^ viz. FG L» and H L k^. 
EquUngled, and their Sides Parallel^ and therefore Proportional \ 
(by Theorem VIIL Lib. I.) And therefore, / 

As the Length of the Shadow ofthe Staff L K, 6^i Foot, 

Is to the Height ofthe Staff ]\ L, 5.00 Foot \- ' 
%) is the Length of the Shadow of the ObjeSQ L 84. 5 Foot, 

To the Altitude of the ObjeS ]f Gj 66.91 Foot 
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L How (fianding upon an Obje£l of a kftown Height) to find t,he 
Xyi&ZTiQQ from thence^ tofome other remote Objeft. 

SUppofcC A tobe the Side of a fort or Bulwark 225 Foot high, f^v. VL 
and being upon the Platform at C, you fee a Tree^ or other 
ObjeO at B, whole Dijiance you would know, from the Foot of 
theWaUatA. 

The Lines A B and A C being drawn, and the Height of tiie 
Wall 22.5 Foot, fet ftona A to C, where by your Inttrument di- 
re^edtoB, you find the Degrees cut to be 71.25, which il/r^A? lay 
down, fb have you the Right-angled Triangle CAB, in which 
there is given, fi.) C A, the Height of the Wall 22.5 Foot. 
(2.) The il/T^/f ooferved atC, 71.25 Deg. by which you may 
find th^ Dijiance A B, (by Cafel of R, A, P, T.) thus: 

As Radius. Tansent 45 Deg. 

To C A, the Height of the Wall 22.5 Foot •, 
SoistheTaqgent of A CB, the 2!;^/^ obierved, 71.25 Deg. 

To theDiftance AB, 56.28 Foot. 

And if yotl would find the Length of the l^^/ L/V/^ CB, 
you may (by Cafe V, of K, J, P, Tj thus : 

As the Sine of the il^^/r obferved at C; 71,25 Deg.. 

Is to the Diftance B A, 66.28 Foot ^ 
So is the Radius, Sine po Deg. 

To the Vijual Line C B,« 69.98 Foot 

B b IL To 
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II. To take a Diftance, (AcceJJihle or In-acceffiUe) at Tvoo Sta^ 
tions. 

F/>. VIL ' Being in a field at E, there xs a Wind mi// (or other Objelfj irx 
' another f/>A/ at F, (lepanited by i River dr oth6r*Impedimenr) 
whofe Diftance is required. 

In any other Part ot the fields remote from E, cairie a Mark to 
be fet up^ as at D; and nieafure the Dijlance between E and D,. 
which let be 115.00 Foot. --Then by your Inftruoaenc at E, find 
the QiJanxity ot the Angle FED, which fuppofc to, be 106.50 
Deg. And go'ng from E to D, make Obfcrvation of the Arrgle^ 
F D E, which fuppofe to be 57. 10 Deg. 

By thefe Two Angles^ and the Me/ifured Diftance^ you have 
conftitiJted zn Oblique Triangle D E F, in which there is given, 
.{1.) The Mea/ured Diftdrtee ED, 11500 Foot, (2.) The Two 
Angles atD andE, iod.50 Deg. and 57.10 Deg. And, (3.) The 
Angle at F, (the Complements of the other Two to 180 Deg.) 
1^40 Deg. V\ hereby you may find tlit Sides E F and DF, (by. 
Axiom. 11.^ thus: 

As the Sine of the Angle atF, f^.40 Deg. 

Is to .the Menfured Diftance D E, 11 5.00 Foot ^ 
So is the Sine dt the Angle at F, 57.1 o Deg. 

To the Dijianee E F, 34i.?8 Foot. 
And fo is the Angle zi E, 105.50 Deg. (cr 73. 50.) 

To the Diltance D F, 3^0.54 Deg. 

% 

I 

tlL If there TJcere Three dormare) Ships ^;7 7i&^ Sea, andyoube^ 
ing upon the Land, dejire to /uicvo howja^' thofe Ships are from 
you J and aljo^ how far they are diftant one from the other. 

F^. VIII. T ET the Three Ships be A^B^ C^ and you being upon the 
JL/ ShoarztM^ are required to tell how far thofe 5/;//)/ are from 
you, and alio, how far from each other. 

tirjl^ Being at M, make choice of Ibme otlier Place upon the 
Shoar, at ibme confiderable Diftance, as atO i3aco Fathom. 

Secondly^ Being at M, cbferve the Quantity of the Angle AMO^ 
which we will fuppofe to contain 104.50 Dag. and then remo- 
ving to 0, and oblerving the Angle M O A, you find it to be 
37.82 Deg. through which Degrees, Lines being drawn from M 
andO, willcrofs each other in A, which is the. Place of thefirft 
Ship; which, with the Line of Diftance M a, will' form iTie 

Oblique^ 
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Oblique-angled Triangle A M O ; In which there is given, (i.) The 
Side M O 130.CDO Fathom. {2.) The Angle A M 0, 104.50 
Degi And, (3.): Theul/7^/4 AOM, 37.82 Deg. And having 
Two A/tgles gived, you have the thiid alfo given, vU. MAO, 
37.68 D^g. whereby you may find the other Two Sides MA 
andOA (by Axiom li.) thus: 

As the Sine of M A O, 37.^8 Deg. 

Is to the Side M O5 130.00 Fathom: 
So is the Sine of A O M, 3'7,82 Deg- 
To the Side MA, 1 30,41 Fathom, the Diftance of tlie Ship at 
A, from M : 
And fo is the Sine of A M O, 104.50 (or 75.50 D^.) 
To the Side O A, 205.91 Fathom, the Diftance of the Ship at 
A, from O. 

Again, 

Obferving from M and O, to B, you found the A/rg/e B M Fig.YlU. 
to COTtain 05.50 Deg. and MOB dS.ooDeg. wherefore^ if upon 
M and O, you lay down thofe Angles^ you (hall have another 
oblique-angled Triangle M B : In which you will have given 
as in the former, (i.) The Angle'&U O ^5.50 Deg. (i!) BO 
M 68.0a Deg. And conlequemly M BO, 45.50 Efcg. together 
with the meafured Diftance M O 130 Fathom, by which you 
may find the other Two Sides M B and O B, by Axiom II. as in 
the fonmer. For, 

As t^e Sine of M B O, 46. 50 Degrees, 

Is to M 0, 1 30.00 Fathom : 
So is ;to the Sine of B M O, 65.50 Degrees, 

To the Side BO, 163.08 Fathom: 
And lb is the Sine of the Angle BOM 68.00 Degrees, 

To the Side B M, i66.i8 Fathom. 

Laftly, 

Oblerving again from M and O, toC, you find the Angle C MO- 
to be 1 1.75 Deg. and M C 132.75 Deg. the which Angles laid 
down, you have a third Oblique-angled Triangle C M O, wherein 
there is given, as before, aH the Three Angles^ and One Side^ ^* /' 
MO, whereby you may find the other Two, MC aad OG, 
(iy.ilw^II.) asintheformer.* > . 

So will M C be 1^4.39 Fathom, and OC 45.62 Fathom^ • 

B b 2 And 
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tig. VIII. And thus have jrou the Diflances of all ihtShips^ from the Two 
places, M and O, on the Sboar. 

. Now for their D//?tf/r^^j one from another: 

AndRrjf?, ^ot tht DiftMce k^ 
In the Oblique Triangle ABM, there is given, the 6/^^/ A M 
130 41 Fathom, andBM i($8.i8 Fath'ogi> and x\xt Angle contained 
by them, A M B 39.C0 Deg. whereby the third Side AB may be 
found, (By Ca/eU, oiO^A, P, T^) thus: 

As the Sum of the Sides, A M and B M, apd.jp Fathom, 
Is to the Dif&rence of thofc Sides, 35.77 Fathom; 

Sd is the Tangentof half the Angles at A and B, 70;5oDcg. 
To the Tangent of half the Difference of thofe Angles^ 1 8.8 1 Deg. 

Which added to 70J52 Deg. gives 89.3 1 Deg. for the greater 
Angled i^}As aiid fubflraQed therefrom, leaves 51.69. 
Deg. for the lefler Angle A B M. 

Then lay, (By AxiotnW) 

As the Sine of the Angle A B M, 5 i.5p Degrees, 

Is to the Side M ^ \ 3P4 ' Fathom : 
So is the Sine of the Angle A M B; jp-oo Degrees, 

To the Side A B, 104.5^1?. 

And in the ftme manner may the Dijhnce fix)m B to C and 
ftom iQ to A, be found. 

According to this Method may the l^ijiances of many Places 
upon the Land^ one from anot|ier be obtained, by making of 0^* 
feroatian^ by a.lheoJo/he^ Semi Cwcle^ (or other. Graduated In- 
jirument) from Two Blaces,.from whence all the other may be» 
feen : An Example whereof I (hall cive,.with the manner of ma- 
kinjg the Obfyrvatm^^ and protratting of them, whereby the 
Triangles to be relolved for the Performance will be confpicu* 
ous : And forthe refolving of them, (it being altogether the fame 
with that foregoing), 1 (hall leave to the Ingenuity of the Prafli- 
fioner. Wherefore, 

Let A B C D E be feveral 2 lace s^ as G)urcbes^kis:TowM or 

wg.SK. J Make Choice of Two fuch Places^ from either of which, 
you may fee allthePA/r^x whofe LV/ytf/r^j ypu require ^ which 
Places let be F andG^ diftant from each other 1000 Foot, more 
ox lifk 

2* Set- 



2; Set ip your hfirument ar F. awd dii^ea the Sight t on fig, I^C 
tbe Diimeter thereof, to the other Place at G. and itiete fix it: 

. Which done, direft lAit Sights to the feveral Places, A, B, Q D 
and E, noting v^hzi Degrees of xhQinftrument are cat by the In- 
dex at every Ohjervation,^ 

3. Then removing your Inflrumem to the fecond ?Uce G, dJreft 
the Sights which are upon the D/ j;;r^/^r ihereof, back towards the 

' FirfiP/ace'Zi F, where fix it : Then, rurnuig the Im/ex aboutj di- 
reft if to the feveral Places, A, B, C, D and E, as before ^ noting 
tbe Degreesxm by the Index. Which we will fuppofe to be fuch 
as are noted in this Table, 

A-- 

Rom^g ( the Degrees ^ ^JSJ.'aT^C ^ '^' ^^S^" 
^to^T^r cut were A. X _r !2^^T^r cut were 



D 





And the Dijiance ftom F to G i coo. 



TrocT' thefe Ob/ervatians^^ to make^a Plot or iWof of the Siiuation '* 

of the fcveral Places. 

• 

1. Upon a Sheet of Paper, draw a R/^ftr Line^ as Ft3, to 'con- 
tain 1000 Foot. of^nyScale^ which reprefents the Line of the 
Diftance oi' \h^ Ttvo Places^ whereyou Ob/rrvedzt F and G. 

,2.. Place tbe Center of a Proi rafter upon F, and the Dia^tteter 
thereof upon the Line FG4 and there holding it faft^ m^kt Marks 
againft the ieveral D^^r^^x that were clit by the Index.^ whenthb^ 
Sights were.direSed 10 the &v^xzl0bjeffs at A; B, C^ tfc. when 
you ObfervedixY^ and through" thole Pw>rj draw Right Ltnes^ . 
at Pleafure-, asFA, FB, FC, FD, F E. 

3. Lay tbe Cf;7/^r of the ProtraQor to the Point-G, and the 
ptamctcr thereof upon the Line F G, and there holding it faft, 
i5)ake iW^r/?/ againft thofe Degr6e5 of the Prt^^r^ff^r, as.the.fo- 
d{?yd^id cut upon the J;7^r/r;»^;7/, when you made Ohfervaiion.zi 
G •, and through thofe Points^ and the Point G, ^draw Uncps as 
G A, G >J. G C, G D, and G E, croffing the fomaer Unes (drawn 
from F,) in the refpeftive Points^ A, B, Q D" and E. WTiict 
Points will lye upon your Pafer^ in the izm^PoJition as the Places.-^ 
you took notice of, wereNfituate on the Ground on which they 
ftood: And being thus laid down, if yoa take with, your Com* 

I ^ pafl£^ 



>52 4nc*ik Mfitbmdtka. 

Vfg. IX. paffes the Dtfitmc^ between any Tsm of them, and meafiire it up- 
on the fame Sc^Ie you laid down the Line F G by, it will give 
you the Dijiance between thofe Two l^laces. 

But, their D/^^/x(^j may be more exa£l andaccuratdy attauied 
unto by Trigonometrical Calculation.. 

For, in eviery Triangle^ . as in F G A, F G B, F G C, F G D, 
and F G E, there is given, (i.) Ih^ Angle k F G, obfervedatF, 
(2.; The Angle A GF, obferved at G^ and, (i.) ThtSideYQ, 
(the Stationary Diflante) included between them, to find the other 
Sides^ AF and A G. The Praffice whereof I commit to the In- 
genuity of the Prallitioner. 



C H A P. UI; 

Of PLANOMETRI A. 

' O R, 

Of */je Menfuration 0/ Plain Superficial Figures. 

I. Of the Geometrical ■ Squaie A B C D, tohc/e Side AB » 
27.32 Fo*/. ' •- By Lc^arithms. 

__ I 

F^f.X. A S I F : to 27.32 F : : 27.32 F : to 74<5. 38 F. 

xX Logar. of 27.32 1.435481 

Logar. ot 2 7. 3 2 i .4 ? 648 1 

Logar. of 746.38 2.872^62 

The Super Jicid Content of the Square in Peet. 

' II. Of the Parallelogram (^Long Square) EF G H, «?J^^ Length 
Er is 2.7.25 Tards^ ^7;?^ Breadth EG, 6.29Ttmts. 

Fig. XI. As I : 27^^5 • - ^*^9 a 17.03 

Logar. of 27.25 ;.> . . i-43?3<^^5 

Logar. of 1125, • o>7jP188oo 

Logar. of 17.05' 2.2312565 



. ni.o/ 



^53 



r. XII 



fvXin. 



'.XIV, 



>5^ 



Ejff.K 



r;?. 3^ 



IIT. Of the Triangle K L M, whofe Longeft Side L M /i 26^,26 
• f ejte,^ Perches j tf/?^ />j Perpeo^ipulai LN •! tfp.25 Perches. 

• -'As^-^^ ; i- L M ijj.d^ P : : X K 160.25 P : 21414?. py xil. 

togaf:'r<5o.25 • v.. •- — 2.2047^8 ^ 

Lbgar. isi-^i "'• ^ v ' * 2.125904 

* — — ^^ I 

Logan of 21414 : ) r ,: '^ ^ • •- * •4-330702 

.IV. Oftbeinparr (or rUuj^ i^f^oHr-^fii^efifjJSiilQs) PQ^R* 
The Di^gomt^ whereof O (X^^H 27132 :^ert:hes, ?&^ Perpendicu- 
lar P 3 9'53P* .^^^ /A^.Pefpendicubr K T> 21.0^ P. 

As I : 7 OP 11.66 : : PS^.RT 50. 5p : 417-25 Fig^IIL 

Logar.pf halfp^X u,/?^ ;.. , ... ... ^,13^45^ 

Logar/ofPS-aad KT)).3aS:jp, . ... .^:. .\' 1^85579 

Logar, of 417.85 P^rrft^/- . ^2.621030 

Which TS the ilrri/,- or Cmwf In fVr^j-. • ■ 

IV. Of an Irregular Plot, confijiiny ef rkaffjf urieaml SidfeS lind^ 
gles: As the Figure KB CD^YQ. . v o 

Before fuch Irregular Yigures^ can bemeafured, tli^ muftbere: F(j.XIV^ 
dnced in Triangtes oxTrapezia^s^ by drawing 6i Lines ^m An- 
gle to Angle at the beft Advantage, as in this, by the Lines F C 
and F C, which Two Lines divides the whole Plot mo the Two 
Trapezia's A B C F,- F C D E,. ^nd Qae Triangle F E G. And 
then the Ba/es and Perpendiculars being fuch as are cxprefled in 
the figure^ the/ fifty w nkafu^t^ i^ij-tiewcd in the Tf^p &re- 
goiDg. ^cUpns hereof i and according to the followh^Ojpyr^z^atf; 

I. for the Trapezia A B C F, • ' 

* " r half AC, i2.i<5 TiC845?3? 

Logarithir of< B H and H F, 8.15 ..v !\ o^f^ ;^.^, -y^p ^PQ^ 

t the il;rj of A B C F, 98.86 ^ i 99502} 

II. ^^r /&^ Trapezia F C D E. 

rhalfFD, 12.96 K11S605 

togaikhm of ^ C L and E M, 23.11 f.:^ 63800 

C the ^jof F C D E 2?9.5i '^ 47^405 

III For 



C F ^ r p8.8<f 
D E > is <2pp.5i 
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IIL E»r /&r Triangle F E G. 

, r half E F, 9.50 . o.P777^J 

Logarkhm of ^ GN^ 5.82 0.7649a} 

C the Area orfEGf 5529 1.742646 

f A B C F > C p8.8<f 
The Atfa of < F C 

Z F 

The Area of A B C D E F G ' 453.66 

V. Of a Circle A B C D, vobo/e Diameter BC let be 14.00. 

Fig. XV, The Proportion of the Di/vnei^er of any Grc/e^ to the Circum- 
ference th^veofy is (in the .leaft Tenns) 3571022: But io greater 
Numbers^ as 1 13 to 357 ^ and of thefe I mall make ule. 

I. fiy /^^ Diametei^ ri7^^/j&^ Circumference. 

As X13 : 355 : : i4DianL : 43.^8 Cir. 
Logar. of 1 13 2.0^^078 

Logar. of 355 2.550228 
Logar. of 14.00 the Diameter 1. 14^128 

3.696^^6 
The Logar. of 43.98 the Grcumference 1.^43 278 

IL By the Circumference, to find the Diimeter. 

^ 355 • 113 : • 43*P^ Grcum. : 14.00 Diant. 
Logar. of J55 2.550228 

Log^. of 113 2.053078 

Logar. of 43.p8 Circ. 1.^4^278 

Logat, of 14.00, the Dim. 1.145128 



ID.^ 
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in. By the Diameter, lo Jwd the Area. F/^.XVI. 

As T13 in 4 {vis. 452.) i.6%^xi% 

Is to 355 ' 2.550228 

Sols thbD/tf;9sr. I4in 14 (viz. 196) 2.7922^6 



■■■»»■* 



4.842484 

. To the Logar. of i $9.9^ the >!/«<( 2. 1 87 3 4^ 



• », • k 



IV. B)^ r^^ Circumference,^ tofndthe Area. 

As 355 4^4 (^^'2^- 113) ^^152288 

Is to 113 2.053078 

So is 43.p8 »J# 43.p8, Area Squa. f 1-^43255 

The lame again \ 1.^43255 

5-33P588 
To the Logar. of the Area 153.49 2.187360 

V. jBj^ f 6^ Dianwter, to find the tMZ. 

As 10 : 8.8^2 : : 14 Di. : 12.41 : : 12.41 : 154.OO 
Log. 8.8d2 o.p475;2 

Log. 14 . 1.14^128 

Logar. 12.41 1.09^660 

The double of it 2.1873 20 Log. of 1 54 the Area. 



C H A P. IV. 
0/ G E O D -ffi C I A: Or, Land Mcafuring. 

L H(fw {by any Graduated Inftrument) to rake the true Plot oj 
any large Piece //Ground, 41 Common Field, Park, Wood^&^r. 

IN going round about a Field xx>^\xt^ej it, there areTwo ways ; 
for in goinjg round about it, you mull either go on the infide or 
on the outfidez, and Ibmetimes jovl may be conftrained to go fbme- 
times fv/>^/y?, and Ibmetimes a?///?aiyf. 
' Let A B C D E F, be fuch a Field to h^ Surveyed zsAtlctted. Ytg. 

I. B^in at any Angle thereof, as at A, and there ietttng up XVII. 
your hmrumem^ lay the Index and Sights upon the Diameter 
thereof V and turning it about, dire^ the Sights to B> and there 

C c icrew 



XS^ 



Anciila Matheinatica. 



Fig. fcrew it faft \ and turn the hdex about, till through the SM 

\ji¥ll you fee the Affg/e at F ^ and there note what Desrees of the) 

Jlrununt were cut by the Indcx^ which we will (uppofe td| 

. 50c Deg. for the Quantity of the Exterior Af^le F A B5 < 

our the Field ; Or, 60 Deg. for the Quantity of the liuerim^i 

\gle. within the Field : Then ircafare the Side A F, which f 

poie to be 41.00 Vole or fetches^ and the Side A B 30.00 Vtn 

' Thefe Diftancer^ with the QpaQtiqr of the Angle before (d>fi| 

300, or 60 D^. fe^ down in a Book or ?aper^ as yon Tee III 

tbllowing T^^. ■ ♦. , 

• «• Benfiovc your fo/?ri5r«f^;7/ to B, and laving the hiJkxi 
TUe '^tmeter^ turn the Injirumcnt abouf , till through the ^ 
iyou fee the Place where the Inftrument lad (iood at A, aod 
>(crew it fatt *, and turn the I/ri^x*abour/ttll^ through the Sigbti 
-r;^ the A0gk C, and note the Degrees which the Index cur 
*' Which ^re here i45Dvjg. for the £x/m<?/-, 0r215Dcg.fr 
""lAterhr Angle ABC; and the Dipnce B C meafured is 
fetches : Both whkh, note down as before. 

3. Remove your Infirument to Q and placing the Index 
Diameter y lookback 10 B^ai)d there fcrew it £ifl yand turn the 
about, till you fee the Angle at D ^ where the Index i 
570^25 Deg. for the Exterhr^ of Sp.75 Deg. for rh^Uteru 
gle BCD, and the meaf uiol Difl^n ce C D is 23.40 Djg.^ 
A. Rieiaovethe Inftrument to D, the Index on the V>ianu^ 
look back toC, and then Icrew it fitft ; then turn ^he Ind^* 
'ttttby the Sights you fy^ the AMgle at E^. thej^^^^jr cutti| 
Deg,. for the Exterior^ or 9j Deg. for the Interior Angle » 
th^Meafjired D//?j;rrr D E being 2% joq Perches z Whi^ 
down as the other. 

^i Place your Inftrument at E, the In(kx on the C 
took back to D, and then fcrew it faft, and turn the Ind 
tfll through the Sights* you fee the Angle at F, the W 
'cutting 270 Dig. for ibt Sxtericr^ or i^D^g. fortb^ 
A^le D^E Fi the Meafured Di/iance E F b^ing 42.80/ 
S. Place xhe Inftrument at F, and the Index \yix\^ on 
' meter^ look back to E, 4rtd then fcrew it 5 and turn the 
bout, till through the Sights you fee the Angle at A, (01 
Ahereypu foft placed ^ybur Inftrument) where thei>» 
' aro^Deg. for the Hxterior^ or '150 Deg. for the Interk 
' E F A,' the Mea/MredDiSance F A being 4 i.oo Perches^ ^ 
• All* whli* b^ira noted pown. acc6rding to thefe Qbfirv^ 
Mraju/^ed^ will ftind as in this T^^.. 



Of Gcodaeeia;^^^ 



Th% Angle at 



Exterior. 
A 300.00 
145.00 
270,25 
• 2^3.00 
220.00 
21000 







I/i/erior.' 

60,00 

215.00 

P7'00 ' 
140.00 
150,00 I 



ftance 
from 



Verche^i. 
Aito B-^jiaco 
BjJfci C— -28.40 
)Ctot D-T-23.4a 
DtoE— 28XX) 
E to E— 42.80 
F to A— 41.00 
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Theft Ohfervations of 5/dfcx and Ajngles^ as they were taken in 
the F/VA/> lieing noted down in ^^hoi^k or PeT^^r, as in this Table ^ 
a. l^lot of the F/>/rf may be drawn upon Vaper or Farchment^ by 
the following D/r^^/^;7i'- 

T(7 Frotra£k the former Work. 

1. Upon a Sheet of Pai)er or Parchment draw a Line A B, to 
contain 30.00 Perches, of any Scde : And upon the end thereof - 
A, place the Centre of a Pr(^r^^/*5 laying the Diameter of it up- 
on the Line A B: — Then, the Exterior Angle at A, being 
30aoo Deg^ make a Mark againft 300.06 Deg. of your Frotri^* 

Hot •, and through that Point, and the Point A, draw aRightLin^ 
downwards, as A F^to contain 41.00 Perches, of the fame-Srj/^; 

2. Apply the Centre of the PratraSor to the Point B, ahd tlie 
Diameter upon the Line A B> then againft 145.00 Deg.' (ihtAi- 
gle at B) make the Mark, and through that M^rk^ and B, draw^a 
Right Line B C, to conteiin 28-40 Porches. 

3. Lay the Centre of the FrotraQor upon G, and the Diameter 
upon B'C, and againft 270.25 De&:roakfl a Mark 5 through jwhict, 
and the Point C, draw the line CD, to ^contain 2},4iC> Perches. 

,4, Apply the Centre of the FrotraSor to the Point D, and its 
Diameter to the Line C D % making a Mark againft 253.00 Deg. 
through which, and the Point D, draw the Line D £, to contain 
28.00 Perchesi 

5. Lay the Center of the ProtraSdr upon the Point E, and its 
Diameter upon D E, and againft 220.00 Dee. make a Mark; 
through which, and the Potot E, draw a Right Line ; which ( if 
you luive committed no former Error) will cut the Line, firft 
drawn, in the Point F: And, by this Means, you will have upon, 
your Paper ^ the exaft Pigure of your Piece of Ground.^- Which 
you may caftup, and find the Quantity thereof in Penches^ ( by 
the Direftions of the Third Chapter hereof) wBich being divided 
by itfo, will give the Content in Acres and odd Perches. 

C c 2 In 
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158 Ancilla Mathematica, 

He* Id this Example^ we have wrought by the Exterior^ (or Outward) 
YmI. Angles : But it you would ProtraS the fame by the Jnteriar (or 

J/mard) Angles \ it is done, by fubftraCling the Exterior Angle 1 
from* 360 Deg. and the Reaiainder will be the Interior Angle: \ 
So, the Ajtgle ai A, being 300 peg. that fubdraded from 360 ' 
Dqg. leaves 60 Deg. for die Interior Angle at A^. And £> ofaU 
the reft) as they are let down in the Table. 



CHAP. V. 

Of STEREOMETRl A: 

O R, 
flff^ M^nfaration of Solids. 

^^^ L 0//*^Cube ABC DE F, vohofe Side ^ 5.20 foot.. 
^ I : 5*20 : : ;^0 37.04 : : 27.04 : T40.dr Foot., 

Logar. 5.20 a7irfoo3 

'Itgar. 5.20 0.71(500 ; 

' Logar..27.D4 1.432006 

I-o^r. 5,20 a7 16003 

' Log. of ^40<6 1- 2. X48009. 

Equal to the Solidity of the Cube in leet. 



X& 



e/ar 9.203 wnicn is 0.7 ipooj, muinptiea uy 3, wottia navepn)- 
duced 2.^48009, die L^^or. of 140. 6 1^ the Solidity. 

VL Of a Lon& Cube or Paraltelipipedon, GHI KL^ whofe Side 
^/^^ Square a/ /6^ End^ Yil^ ie 1.27 F^e'/^ and of its Lenglh 
G H, 5.32 Kv/. 

As I : 1.27 1 : 1.27 ; i.6t. : : 5.3.2 : 8.58 Foot 
Log. 1.27 0.103804. 

Log. i.27< 0.103804. 

Log. 5.32 0.725^1 » 

Log. 8.58 o•?335lj^ 

The Sftlid Conttnt, 



Of Steriometria^ 159 

m (yj;» Oblong ParalIellpii)edonM NOP as; 0^^ 

^ af the End N O is 3.40 ¥ooty and Depth H N d.50 Fatf, and 

iBclffBg^h thereof Islf J 16.2$ Foot. 

As I : 3.40 ; : tf.50 ;. 22.10-: : 1&25 : 15^.12 Foot. 

Lcgar* 540 , o.$^W9i 

Log^s. tf.50 0.812913 * • , 

Logar. i.tf.25 i.2io8v^ • 

Logar. J 5 9.12 2.$;5245 The Solidity. 

. IV. Of a Pyramis S T V X N, v^o/e Side ofitrBaifG S% &c. h E(ff.XXL 
1. 1 2^&^/, and Altitude N X 1 2.po Foot. 

As j^: 1.12 : : iri2 : 1.25 : f N X 14.30 -5.39 the Sol. Coo. 
Logac I.I 2 0.049218 

Logar. i.r2' : ,} 0.049218 

Logir. 4.30 arf334d8 

Logar.. 5*3 P . 0.731904 the &/frfGwJ!^/i^. ^' 

V. Of if Cone A BCD; nbtfe TXzvmet WC m 6 at, a/iiMtl- Ftg. " 
tvde AD 12.90 Foof. XML 

As 7 in 4 (2R) : wi ,i. ,,. 

.So i6.i2 in 6.t2 (3>.45) : 2P.30 /, ~ 

The Area of the drc/e of the fij/?^^ " ' 
As f : 29.30 ; : -So 4.30 : 126.00 
■ . i Tht Solidtty, , r 

togan '28 t.A4>7058r : ^' . \ , 

Edgar. 2^ 1.340422; j 

Logar. 37-41 ■ ^'^13^^^ • -.. c ..v 

2913874 

£bgai> 29.30 1466816 the ilr«. 

Logar. 4-3^ 0,^3 34^8 

Logar. 126.00. ...- . ,. jj. 100284 the 



* J . 




VL Of /ftr Fiuftum if a Pysamis 4?r Cone.^ K^. 

r* XXIHJ 

Let ABCHGF be the Frufium of a Square Pyramid; the y^yfS 
de of>the ^w^irir ait t)&e L^i)lfr end A B^ is i.6aFoot ^ and there-; 



N 



It: 
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Andlla Mathem^tiea,^ 

ibfethe Area of that Square A B CD is 2.^6^oit: ^^ThaSiAcf 
tlie Square at the Greater End F G, is a.30 Foot i and tfRidoie: 
the Area thereof is 5.3^ Foot, and me Mitude DE ^^.jLFooti 

• • Then^ 

The Logarithm of A B C D 2.5/$ is 
The Logarithm cf E F G H 5.251 is^^ 

Their Sum • 

Their half Sam 
"Which if tlie Legoitbm of 3^ 
The Sum of the Three PtoduQs t t.jgr 
The Logar. of the Sum *i.^ 

11ieLog,of j-oftheAltttade ii.^t 



040824a 
1.1 ^ itf^ 

O.' ' 



2i 1 7^104- 



TheLog.of >5i«04 2>i7P 

Which is the SaHdity of Ae &«j^Miii ABC DE F G E 



In tbA ftne namer th&l^ir/lkr«rof at Cane 
and tTO^^Jr^V of the Grc/es^ at both £ff^, the limae inth 
the ilrAfV of the Sgiunrfs-, the SoSJ^ of fach a hrafium 
Gme^ will be &aod to be die lame. 

VIL Ctfa Globe <w Biillet, nSe/r Diwiettr ar ^.75 Kur. 

TheLog^coftfacDiatteter t.j% 0.24 ^0^8 

Malti];died by 3. aya^u^. 

The Logav^ of 355 2.55ai2g 

Their Samt 3.27^343 

Logar; of [($78 alway.s3 Sobftiafifc . a,83u»> 

Refts the Logar. of 2.8etf Eooi" 0.443111$ 

Which is the SoUJitx of the Bnlleu. 
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OF 

COSMOGRAPHY. 

COSMOGRAPHT, in Greek K^fAma^^la, i» derived a 
KocTjui©' •, i. ^^ ]V[undf^ ^ £?* ye??'' ; i'- ^- Script um^ the De- 
fcription: So that(!*05yM0Git-4P//r is aDHcripcion of the 
Worlds confi^^ry under the Names. of the Heavens, as the Qele- 
Jiiah^ and ot the Earth and Water, as the Teneftrial Parts there-^ 
o£ A jruft and perfef^ "RepreXention of both whjch, may be (and 
ttfuaUy is) 4elff-jibed upon Two RoondBodies; called G^^LO^ES : 
And ■ therrfore yvefhallfirft treat of thenfi^ ^ 

CHAP. I. 
©/;<» pu^eri^ Sphere or pl^ht^.jotd.ef^fftcft' Qrde»,.Llne^ 

doftt Uit. And '.how. to r^i^ the G\oht, fitting it for 
thi^efoWing offuch Problems^ as are, to he perforttted by it, 

A: Ql(^e or 5p6»-ff » an Afri^iaf RepTefentatroa of the Starry K/. 
. heaven^' ot 6i'i\ie Earth z^ Water J yxo&^tK\it^ovai.oi¥\- XXJf. 

gurs 
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Fig .»re off^oKfufifffi wl»ttk fliejr ale f^poVtA to hiirei .. 96c«vfag 
XXV in a juu Promt ion every t)artic«HOT-Cwt/?^/«<«» in 4i»maoeiu : 
And luch a 6Aj*f is called. £ A Otlejhal Globed and every par- 
ticular RiT^u'ff or Countty on the £drr2>, and Uani in tbe iSr^ .* 
And fuch a GfoJ* is called CA Temftriat Globe.l 

Uboo ibiCoavejf ^perfieies of either of theie 0/obes (beSdes 
the C^hi/aMnt of -the iJrtrr, upqn the Oe/ejiial; and the CSiw- 
m« • Ki/fgJomf, Sea-Coafts^ Iflands^ 8£C upon tiw Terreflrimi) 
there are defcribed fevetal Qrc/px i fotoe Great CircUt^ which di- 
vide the whole Body of the G/obe uito Two Equal Parts ^ and 
ibme l-c^ Grf/«, which divide the Body of the Globe into Tw» 
Unequal Parts. 

The Gr^4r Grc/^x defoibed upon the Body of either G^i^« are, 

The Mauinc^ial 1 f The fj^i^^f"^ 7 aiure. 
The Ecfiptfck S t T-he SolftiHal J 

The Lr/^r C/ir£/« are, 

TheTwQTr<yic^\ and, TheTwoPo&rOi*/. 

I. Qf\the iEaUlNOCTIAL 

rShs J£qmno8ialA% z Great Ctrcle^ dividing the Body of the 
Gbbe into Two Equal Parts^ pafling through M and * ; which 
P«;r« are, each of thenj, Muidlftant from P "and S, the Two 
?oles of the World •, and fo the tjne or Axis PAS paffing through 
the Body of the Globe^ cutteth this Circle always at ^gh Angles, 

n. Of the ECLIPTICK atid ZODI ACK. 

The Zodiack is a Great Circle^ aoffing both the Horizon and 
Mqu'moSial in A, the Eafi_ and W^ Points of the Horizon at 
Wlique Angles^ viz. the Hcrizon at an ^;/<r eqoal to the Suttt 
gteateft Meridian Ahitude in any Latitude, but the JEquinoSiaL, 
always, at an J;r^/r, equal to (23.5 Deg.) the Sun's greate/t 
Becltnation, This Circle is fuppofed to have ftrea^; for, 
through the middle of it, there paflethaL/ffr, noted in the (i* 
gure with the Twelve S^nt (^the Zo(6ack, T M n • Si « on 
the upper Part, and with «» n t it rs >c on the lower Partj 
which IJne is called the Eclipticky at Via Solis^ for that HbcSun 
, always keq)eth in this L/>r. 

ni Of 
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III. 0//&^Ttw COLURES. 

TThefe are Two Great Circles^ which paS through the Po/es of Ke. 
the Wor/d^ where they cut each other at Right Ahgles : One of XXV. 
theft cutteth the Horizon in A, and the MqulnoQial alfo in the 
Point r ja, and is therefore called iht JEquinoSial Colure. The 
other Colure cutteth the Horizon in H and O, the JVi^r/Jb and 
Sou^ Points thereof, and alfo the Eclif>tick\n the P(?m/x s and 
V, and is therefore called the ^olfticial Colure. In the Figure 
the ^quino3ial Colure is noted with PAS (and is the lame with 
the Sixth Hour CircU.) the Splfiicial Colure^ with H P S, and is 
the fame with the Meridian. 

IV. 0//&^TROPICK ef CANCER. 

This is a Leffer Circle of the S^ere^ defcribcd upon the Su- 
perficies of the Globe^ parallel to the JEyuinoffialy on the Nc^tb 
5/Vf thereof^ 2t:2i.^ Deg. diftant there&om, equal to the<Si/rV 
greatefi Declinati(m. It is called the Northern Tn^ick^ for that 
itlyeth towards x}m9 North ?ole^ and is repielented in the Figure 
hyttiQ Small Circle^ ^ 6 9. 

11. Cf the TKO?lCVi^fCA?RlCOKN. 

This is zLeJfer Circle alio, defcribed upon fhe Globe^ parallel 
to the MquinoQial on the South Side thereof^ at the Dlftance of 
2^.5 Deg. towards xht South ?ote^ and is called the SouthernTro- 
ptck: It is noted in the figure with ^t 6yfn 

.VI. QfjbeTwo POLAH CIRCLE^. . 

Thefe are Two Lejfer Circles defcribed about the Fo/es of the 
World, parallel to the MquinoSial and Tropicks^ and lb far di- ^ 
ftant from cither Fole^ {viz. 23.5 .Deg.) as the Tropicks were • 
from the Mqutnoffial ; That defcribed about the North Fole^ 
noted with B d Q is called the Artick Circle ^ and the other, 
noted with G6B^ defcribed about the Sottth Pole^ is called the 
Antartick Circle. 

Befides thefe Circles^ which are defcribed upon the ConvexSii- 
perficies of either Globe^ there are ethers, which are framed 
without the Body of the Globe •, and thofe are, principally, Two, 

D d 0f 
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Fig. of the Meridian^ and the Horizon ; the one oiBrafs^ the other of 
XXV, Wood. ^Qtrcles^ indeed they are riot fo properly called 5 for, in 
the rigorous Senfe, no Ijm is fuppofcd to have lany Bre^dthy . but 
both thefe have Breadih allowed .then}-, that fucb Things might 
be written, or engraven upon thena, as might render them -more 
ufcful in all Pofitions of the Globe : And therefore, (they being 
of a Circular ¥orm) notwithftanding the Impropriety of Speedy 
we will have it io^ and we mu(t call them. The Meridum 'and 
Horizontal Circles. The Meridian in the Fifiure, is noted with the- 
Letters Z iE N ^, . and the Horizon with n A O. ' 

Unto this Brazen Meridian^ there belong Two othtt Appeo- > 
dams, viz. An Hour-Circle^ wjth its Index ^y and a ^adrant of . 
Altitude. 

Through the Body of either Globe^ there runs a ftrong Wyre\ 
. the Ends whereof are fo fixed in the Brazen Meridian:^ that the 
Body of the G/^^^ may turnabout together lyith the Wyre. — ^This 
Wyr.e is called the Axis of the Wbrld^ and the Ends thereof the 
Toles of the World^ one the At^tick or 'North fole^^ noted, with . 
P V the otherj the Antartick^ or South Fole^ noted .with SL • 

Unto .this Brafs Meridian alio, there beldngSi another Appen-. 
dant, called AA^^d^^r^ of Altitude -^ whicfris a thin Plate, divi- . 
ded into po equal Parts or D;^gree$> and fitted with aJV«r and a . 
Screw ^ to move to any Degree upon the Meridian-^ but generally . 
in the Vertical Point Z, theZenith of any Place^ 

ir. Ofih feveral Pofitions, t^* a Globe, or Sphere, *r</. 
he pofitcd in its Horizont 

THere ire but Three Pojttions^ in whicji a Globe may be ieated 
in its Horizon •, viz. (i.) Direff. (2.) Parallel. {i.)^ObUque. 

Of which; the Twofirft are Particular^ the third more General. 

t 

l.Ofl>wSt Pofition. 

The Globe may be fo placed in the Prame^ that both the Poles 
thereof may reft upon (or lye direOIy in) the North and South 
Po\nxso{ihQ Horizon^ neither Pt?/^ having any Elevation:. The 
Zenith Point being in the JEquieotlial Circle^ and the Axk of 
tte World in. the Plain of the Horizon. And ' this is called Di- 
rtS Pofition. 

\L.Of 
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The Qlohc may be (b placed in the Ftatne, that one of the Volts 
fhall be in the Zenith^ and the other in the Naiir Joints ; the 
Voles having 90 Dec. of Elevation above the Horizon : And in 
this Situation, the Mjuinoffial Circle will be in the lUri&on. 
This Fojhion is called Varallel Yofition. 

III. Of ObUque Fofition. 

The third Fofition of the Glob^ is moi;e General ^ for it hath 
relation to all People living between the '^uinoUial and either 
Vole: And according as the Voles are Elevated or Deprejfed^ ac- 
cordingly are the P^^^/i? faid id hefituate: That is, if the G/^^ 
be placed in the Horizontal Frame ^ fo that the Pt?/^ be elevated 
above the ^Horizon 10 Deg. tben is the Globe elevated^ or fixed, 
to reiblve fiich ^ueflions Geogrjitbical or Aftronomical^ as relate 
to liich Places and People^ who have the Pole elevated (or who 
live in the Ltf/r//y^/i^ oQ loDgg. And xhis^ Fofition of the Globe^ 
is czlUd Oblique^ becaufe the Axis of the tHorldy the lEqainoliial^ 
and all the Varallels of the 5<iaV Declination^ are cut by the ii!^ 
rizon at Oblique Angles •, whereas in the Two former Vojitions^ 
they cut one the other Right Ajnglesw 

III. /Aw to ReSiJie /A^ Globes, ////^^ them far Mh in aty Lati- 
tude ^ Part of the World. 

Being provided of a Voir of Globes^ the Meridian^ Horizon^ 
and Hour-Circle^ truly turned and divided • alfb the Balls trnly 
hung or poized upon the Axis^ and the Meridian and Horizon 
(in all Pofitions) cuttmg each other at Right Angles ; the Vapers 
truly joined in their patting upon the Bodies &c. All whicli are 
to be performed by the Workman^ (yet the Bi^er onght alfo to 
have Infpeftion thereunto) you may profcecd to R^tf/jte thctn for 
Ufe in this manner. 

I. Put the Brafs Meridian into the Two Notches that are- cut 
in the North and South Parts of the Horizon j the Graduated^ or 
Divided^ Part thereof, towards the Eaji Vari of the Horizon 1^ 
and the plain, or undivided Side thereof, towards the Weji^ and 
let the Meridian alfo reft in x\i9 Notch which is in the foot, or 
bottom, of the frame of the Horizon. 
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F^f . 2. Place the Bra/s Hour-Circle^ or Wheel^ about the Pole ; ib ^ 
XXV, that the Uour-Lifaes of 12 and 12 do lye direftly over the Eaft^ 
ox Grsiduated^ Side of theiMmi/^/r^ and that the Point of^the 
Axps of the Globe do pafs direfily through the Centre^ oi the 
Hour-Wkeel y then (hall tl^e Two Twelves reprcfent the Two 
Houis of 1 2 and 1 7 : That towards the South Part of ^q Meridian 
1 2 at Noon, and the other towards the North Part, 1 2 at Mid- 
night: And the Two Sixes fhall reprefent the Two Hours of Sot 
a Clock : That towards the Eajl^ 6Sxi the Mornings and the other 
6 at Night. Then put the Index (or Pointer) upon the. end of 
the Axis \ fb that as the Ghbe being turned, which way Ibever, 
the Pointer may move with it-, and to is your Hour-Circle ieGA- 
fied. 

3. Elevate the Pole of your GU^e (whether North or ^omh) 
acxording to the Latitude of the Place of that what part of the 
World vou are in: As luppofe London^ which hath 5r Deg. 30 
Min. of North Latitude : The Meridian-hQing in- the- Notches of 
the Horizon^ anc| alfo in the Notch at the bottom of the Frame, 
as is before dire£ied. Move the Meridian upwards or downwards 
in the Notches, till you find yi Deg. 30 Min. of the Meridian^ 
juftly to touch the upper part of the Horizon^ on the North part 
thereof: And fo is^ your Globe reftified to the Latitude or.5^1 
D^. 30 Min. 

4* The next thing to be reftified is the ^adrant of Altitude ^ 
which muft be done, by having refpe£^ to the Latitude dMhi 
Wherefore, the Latitude being 51 Deg. 30 Min. Count ;ri Dbg. 
30 Min. Norths ,.upon the South part of the Meridian^ ftom die 
mguinoffial Circle^ towards the North (or elevated) Pole^ and there 
put on the Nut^ which is at the end of the Quadrant •, fb that the 
edge of the Divi/ions of the ^adrant^ may be direftly under the 
Degrees of the Lj///«^(f 5 viz. 51 Deg. 30 Min. and there (crew 
the Nut fall And thus is your Globe Reftified for the Solution of 
all fucb.Qpeftions Cofmographical, as are to be wrouglit thereby^ 
in th^t Latitude of $ I Deg* 30 Min. 
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Kj rl -A'P* II« 
Oofeiographical -E L E M E N T S, 

« 

Ntceffary to be kppwn^ 

♦ • 

K /T^Here are Two kind of -M^//^^ in the Heavens ^ the firft 
.X is . called the Common Motion of the Jixed Stars and P/j- ^^i^ ' 
nets together \ by which they go all about in 24 Hours from XXV. 
EafttoWeft. The lecond Motion* is called the proper Moii- 
on; by which they go about, euery one in his ownT/>;^ or Pc- 
riody fxoTaWeJi to EafiS 

I£ Thefe Two Motms^ are the Original of Two Circles^ the M- 
quinoQial and the Ecliptick •, for the Diurnal Motion is done 
about the Pole of the MqteinoQtal either in the EjpinoSial it 
fclfi or in.a Lejfer Circle^ parallel unto it : But the proper Mo- 
tioB^ isabout? the Voles of the E^ipticky either in tiie Ecliptick 
it lelf) or in a LeJJer Circle^ parallel unto it.. 

IIE The Sun's Center Jseepeth alwajrs upon the Ecliptick Une^.hut 
the other Planets do go from the Ecliftick on both Sides 8 Deg. 
Hence the broad Circle^ whole Midale is the Ecliptick^ doth ^ 
arile, and is called the Zodiack. . 

IV. The JEquinoQial is in the Heavens about that Streak, whioh • 
the Sun doth make by his Diurnal Motion oh the Days of the 
Two JEquinoxesy viz. the 10th of March, and the 12th of : 
September. .. 

V; The Zodiack \s known by;^ the Twelve Aflerifms of Jixed ^ 
^ Starsy called^ The Twelve Signs! 

VI. The Two Luminaries are the Sun ©, .and the Moon «^ the 
Moon Cometh lound by her proper Motion^ . in a Months the 
Sun in a Tear^ 

VIL The other P/i«rf/x ar& either xho- Superior^ as Saturn B,* 
coming about- io his proper Motion, once in 30 Years, ^upi- 

ur 
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Yig. ter X in 12, Mars <J in 2 Years, The Inferior Tlanetf trfc 

XXV. Verius 9 and Mercury 5 ; Venus is 9 Months Morning Star^ 

and other 9 Months Evening Star. Thefe Two Planets kern 

always near to xh^Sun^ fo that Mercury $ is for the mott 

part covered with its Beams. 

VIII. The^^^ Stars move alfo froffi We^ to Eafi^ ckber in the 
Ecliptick^ or in a Parallel to the Edtptick, but very flowlj, 
viz. One Degree in 70 Years. Hence the 5/]?w are diftin- 
guifhed in Starred and Un-fiarred. The Starred Signs ztt the 
Twelve Aflerifms of the. Zodiack-^ but the Un*fiarredzxQ eve- 
ry one a Twelfth part of the EclipticK Now the Starred Signs 
. left their former Places, and are preceded in Ibme 1800 Years 
almoft One whole S\gn\ fo the Starred Aries r, ftands now 
in the Plac9 of the Vn-flarred Taurus y •, and the Starred 
, Taurus « 3 in the Place of the Un-fiarred Gemini n, &c. 

. iX. The 'MquinoQid and Ec/iptick are immutable, for there is 

never but One WquinoSial^ and One Ec/iptick : But the Hori- 

,. j^pn and Meridian are mutable : For every Body walking upon 

the Superficies of the Earthy doth carry along with him his 

Horizon y So this Circ/e is as manifold as there are divers Points 

. ^ upon the Surface of the Eartk The H0rizon is determined fcy 

the Eye of the Man turning about in an even open Field, where 

the neaven feeroeth to join with the Earth -^ and its Office 

^ is to (hew the Rijing and Setting of all Heavenly Bodies. 

. X The Meridian is not alter'd by, going onftreight towaxAsSouth 
ox Norths but only when you walk never fo little towards the 

. Eaji or Wejt^ you have prefently another Meridian. It is ob- 
fervable in the Heaven, by letting fall a Plummet or Perpendicular 

: from the Vertex^ by the Sun (or any Star) being at its higheft. 

' XI. Every one of thefe Four C/rr/^x hath its Poles^ which the Gr- 
cle is juft between, and every way equally diftint from it, 
exa£Hy dividing the Sphere into Two equal Hemifpheres^ and 
they divide each other into Two equal Semicircles: Atad by 

^ the Voles of each, there are defcribed Secondary Ctrcles (the 
Meridian only excepted) which Secondary Circles do cut their 

: Principal Circle into Two Equal Parts^ and at Right Angles. 

• Xir.The 
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XIL TheP^/^i of the S^inoffial zxe^ the lime with the Foles^ of f}g. 
theBV/(/', the one of which is called xYktArtick ?ok^ becaufe XXV. 
it is neat to the l^ynoArktos or Bears : The other oppofite to 
% is called Antartick : And the ftreight Line, which paflfeth 
between, through theCentrt of the Sphere (from one Po/e to the 
other) * is called the -dx/i of the M^^W//. Tht NquinoSial divi- 
deth the Eciipiick into Six Norths and Six South^ Signs: The 
SeHcondopy Grcics of the MqumoSial^ are called in the Hea- 
venly Sphere Circle t of Declination. Amongft _thefe is one of 
chietefl I^Iote^ the Meridian •, and befides ir, Eleven Hour-Circles^ 
paffiag by every jjth Degree of the EjjuincSial^ to be reckon- 
ed from the Meridian^ and fo they divide the whole Mquino- 
ffialitm 24 equal Hours. There are alfo Two chief Secondary 
Grcies of the MquinoHial^ which are called Colures\ the one 
pafiing by the Vernal and Autumnal SeQion^ is called the G- 
lure^iiA JEquinoxes;^ the other pafling by the Two Solftici- 
aL Points, viz. the beginning of Cancer « and Capricorn Vf , - 
IS odled the Colure of the Solftice. This latter, divideth the 
Edipick m Afcending and Defcejidi^tg Signs ^ becaufe in the 
firft the Sun doth afcend to our Zenith in Capricorn^ viz. in 

^ ir« HY \S By which are alfo called the Signs of Short 
Afcenfion^ becaufe they rife io a fhort time equal to the Short eft 
Day of the Year : But in the Defcending Signs ^ the Sun doth * 
defcend every Day more and more from our Zenith ^ and thofe 
are « il «• s2» wi '^ : Theft are called alfo Signs of Long A- 
fcenfion^ fecaule they Rife4n a time, equal to the Longeft Da^ in 
the Year- Both Colures together divide the Ecliptick intotouB r 
^jidirants;^ the Fe-rW containing ilr/Vx r, Taurus », Gemi- 
ni n-^The Summer Quadrant, G/w^r 9^LeoSi, Virgo Vt\ The o 
Autumnal^ Libra ^^ Scorfio ni^ Sagittarius t •, the IVinter * 
Qpadrant, Capricorn y^^ Apiaries «, ^i/ces H. 

XIII. The Secondaries of the Tencftrial MjuinoHial are called i 
' Meridians^ and they are 18, jpaffing by every loth Degree, of 
the EquinoSial^ and in fome Globes^ tluroogh every 1 5th Dbgree 
of iht EguinoSial^ which is equal to One Hour, in Time. . 
The firft of thefe doth pafs by the Hlands of- Azores^ in feme ^. 
Ghbes. But bv the neweft, andbeft made Engli/hy GUbas^ at < 
St illi(£^^/^s t(land inthei^^ 
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F/f . Xiy. The farallels to the EjuinaSiai^ are Leffer Cireiesy dividing 
XXV. the Sphere intolvto unequal Parts: They are TvtoTr^picks^ 
which the Sun deicribeih, the one in the Longeji Day^ iheodier 
in the Short ^t Day. Their Name Tropicks^ fignifieth a return- 
ing, viz. of the Sun. And Two other Lejfer Circles are delcribed 
by the Diurnal Revolution of the ?oles of the Ecliptici ^ the 
one called Artick^ . the other Antartick. 

XV. The TvioTropicks^ together with the^ lpV90 Volar Grcfes^ di- 
ftinguifheth the whole Surface of the Earth into Five Zones ; 
th'^aot oxTorrid Zone^ is between the Two Tropicks^ but fiom 
. the Tropick oi Cancer ^^ to the Artick Circle is the North T^r*- 
peraie Zone^ and from Hx^ Tropick oi Capricorn yf to the An- 
tartick^ is the ^VLX\tTemPerate Zone. What lyeth within the 
Artick Circle^ is called tne North Cold ^ frigid Zone $ and 
that which lyeth^within theJ/ttartick^ the South Frigid Zone. 

XVlThe Inhabitants oT the Torrid Zone ^ztt ailed Amphijcii^ 
becaufe their Md-days Shadow falleth now towards the Sourby 
and then towards the North t But the It^abitants ot.^oTwo 
Temperate. Zones are called Heterojcii^ becaufe their iti/^Z-i^f 
. Shadow &lleth only towards the rlorth in our Uemifphere^ 
and only towards xht South in the other Hemifpbere: And 
' laftly, the Inhabitants of the Two Frtgid Zones jare called Peri- 
fcii^ becaufe their Shadow goeth round about them in .^4 

Hours. 

\ 

XVIL There zxt Parallels ULih which diftinguUh the Clinuxtes^ 
which Climates are, as it were. Little Zones : Ttey are great- 
.eft near the Mguirio3ial^ and from thence they grow fmaller 
and fmaller towards both the Poles. Their Diflance and Large- 
nels is determined by the length of the Longeft Day:, for as 
often as Uie Lotfgeft D^ gaineth half an Hour above 12 HoQt$; 
there is produced a new Climate : So the firft natural Climate 
ought to have its midft where the Longeft Day is 12 Hours 
and a half long: But the Ancients (perham knowing nothing 
of thofe Parts of fhe World fo near to the JEauinoSial) left out 
this firft natural Qimate^ and made their Sivt Climate^ where 
indeed the Second fhould have been, viz. where the Longeft 
Day was 13 Hours ^ and becaufe the midft of this did pais by 

the 
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the Ifland which the JV/V^tf maketh, and is called Meroe ^ they F^. 
named their firft Climate Bra Meries^ the ftcond Dia Syenes^ XXV, 
Syene being a Town lying under the Tropick of . Cancer ^ the 
third' they called Dia Alexandria^ this being a Town fituated 
upon t^c Month J<!ilus\ the fourth, Dia Rhodia ^ the fifth, Dia 
Homes I the fixth, Dia Ponta; the feventh, Dia Borijih^nis^ 
where the Longeft Day was id Hours j and here the Ancients 
left it: But the Modern have continued their Climates to the 
Artick Circle^ where the Longeft Day is 24 Hours, becaufe 
the Sun doth not fet there in the beginning o{ Cancer^ but only 
toucheth the Horizon with his Circle. And now, there are as 
many Climates on the other Side of the MauinoQial. The Cir- 
cle di Ferpetual Apparition is deftribed hy a Point touching 
the North Cardinal^ being carried about by the daily Motion ^ 
and all the Stars that are within this Circle o{ Perpetual Ap- 
parition are alwayi feen above our Horizon. Another Circle of 
Perpetual Occult ation there is defcribed by a Point touching the 
South Cardinal^ and being carded about by the daily lidttion ^ - 
lb ail the Stars that are within this/ do never P^fe with us. 

XVIII. Th^ Secondaries of tht Ecliptick^ are called Circles of La- 
titude J there are Six oftheni upon the deleliial Globe^ dividing 
the Signs of the EcHftick^ and al(b the whole Sphere mxo Twelve 
equal Parts; by which Diviffon all Stars zk referred to that 
Stgn which is between the Two next Circles of Latitude. Now 
Six Signs of the Ecliptick are always above the Horizon^ and 
Six are beneath. 

XIX. The Poles of the Horizon^ are the Zenith and the Nadir -, 
the Secondary Circles are called Vertical or Aximuth^ or Cir- 
cles of Altitude^ amongft which^ the chiefeft arcj (i.) The^l^- 
ridian. (2.) T\\^' Circle of the 90th Degree of the Ecliptick^ 
paffing by the* Poles of the Ecliptick^ the Zenith^ and the 

^ 5;oth Degree of the Ecliptick^ being counted from the Horizon^ 
either frota the Eafi or Weft. (3.) The Vertical^ paffing by th^ 
EaftjixA Weft Cardinals ^ where the Interfeftion is of the Aqui- 
noHiah and the Horizon :^ which Seftions alfo, be Poles of -the 
Meridian : And theP^7^J of this Vertical paffing by £"^7? and 
Weft^ are in the South and North Cardinals^ where the Me- 
ridian doth divide the Horizon in the Ortwe and Occidental 
Semicircle t. Now the Secondaries of this fM Vertical^ which 
* ^ E e pafleth 
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paflech by the true Eaft aod Weft^ ate the Grdes of F^fitim^ 
V. paffing by every 30di Degree (^the IS^ubipQialy rccfconiiig 
from the Meniidn otHorizo/r^ and dividing the whole 5/^r^ 
into Tzve/ve Hou/es. The firft /i^iv/r is called Hero/cape^ aod 
is that which is next under the Onh^ Horizon ^ fnxn dieoce 
the other Houfes do (iicceed under the Earih after the SMoeC* 
fion of the Signs. Where every Arch of fojaion cutteth the 
Ec/iptickj there is the Qjfpides of the Hou/es. There are be- 
fides theie GVr/^/ of Pofin'oTi^ an infinite Nuniber paffing by 
every Point of the Sphere. 

XX. The Parallels of the Horizon are called Almaauttnrathy and 
are deferibed upon the Aftrolabe^ to fhew the Altitude of the 
5/r/7, or of the Stars above the Horizon. 

XXI. The MeriSan is the Original of H^Wx ^ there arc Four Cur. 
i//Vra/x, and Four Mean :- The A'it7/-/ib is known by the flower- 
dedjtce^ and the Eafi by the Crofs:^ The ifl^ii/r do compound 
thek Names from the next adjacent Cardinals •, being AorrA- 
Ean, Nortb-fVeff^ Soutb-Eafi^ SouthWeji : Now every one of 
the Cardinals and Means hath Two Laterals^ bearing the £ime 
Name with their Principals ^ ib they are called North by Eaji ^ 
North bvWefis North Eaft by Eaft;, North Eaft bv North, Slc 
Now thefe I^rrtf/xbeingi6, make^ together with the 8 Prin- 
cipals^ 24 •, and juft in the midft, between every Two Princi-^ 
pak^ tbero are the Eight Pjtfidual Windsy bearing thefime Name 
with the Means they are next unto ; but taking a fore Name 
from the next Cardinal^ fo they are called North^North Eaji^ 

Eaft Korth'Eaft^ &C. 

XXII. Tbefe 3 2 Winds being continued upon die Surface of the 
Earthy do make as many Rumbs ; that Rumh which paileth by 
the South of Korth^ is-atways a Meridian 5 and that which pai- 
leth bv Eaft and Weft^ \s always either the Mouinoffial^ or% 
Parallel unto it. The other Piufttbs are crooked Unes^ neithes 
Circular nor Elliptical^ and are Seven in every ^adrant^ to 
be numbred both Ways from the Meridian. The general Pro- 
priety of all RunAs is to cut all the Meridians they pals by 
into equal Angles. There (nay alfo, befides the laid 3 2 Rumbs^ 
pafeone by every ^oint (rf the Horizon. 

XXIIL The 
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XXIII. The Effcfts of all the forefaid CircUs, both Pri/tcipalMi Fk. 
Secondary^ arc Angles and Arksn The Angles which they XitV. 
make are ^ht^ when a Secondary meeteth with its own Vrin- 

cipal^ and riie other ilv/^/^j are altogether ObUqne: ^ So the 
il^^/<r which the MquinoQial noaketh with the Eclipiick is al- 
ways 23 Deg. 3bMip. as much as the greateft Declination of. 
the Sun. 

XXIV. The general Way of Meafuring Angles upon ^^Sphere^ 
is to let one Foot of a Pair of Callipers in the Point where the 
Angle is made, and extend the other po Deg. from thence, and (o 
defcribe an Ark between the Two Legs^ (or Grcles which make 
the Angle) for as many Degrees as that Ark containeth, lb 
many D^rees alio is the Angle. So the Meafure of the Angle 
made by the ^quinaffial zr^ Ec/ipiick is taken ui the Soljiicial 
Colure^ between the beginning ot ^, and the 90th Degree (^ 
XhQ Mqutnallial. Likewife the il^^/r which the JEquinohial 
makes with the Horizon^ is meafured po Dep. from thence in 
the Meridian^ between the Horizon zvAJEquin6Sial\ and that 
which is farther in the Meridian^ from the MquinoUial to the 
Zenith^ is the Latitude of one Flace y into wnich is, always, 
equal to ih^^Foles Height^ to be reckoned from the JNorth Car- 
dinal to the Fole. Sailir^ fbeight towards- Sodth or North 
One Mile, the MquinoStal is raifed or fallen One Minute •, 
gding tfo Miles, it rileth or fall^th One Degree : So at length, 
coming to the middle Line of the World, the JEquinoQial will 
be railed to the verv Zenith^ both Yoles lying in the Horizon^ 
and all the Parallels to the MquinoSial cut the Horizon at 
Eight Angles ^ whence this Fojitian of the Sphere is called 
S^dra Reffa •, where all the Stars do rile, and abide 2& long 
anove the Horizon as beneath •, io there is a perpetual JEquino- 
Oial. all the Year : But as feon as one of the Poles doth ri/e above 
the Horizon^ and the other tometh to be under tbs JEquinoffial^ 
and all its Parallels make Oblique Angles with the Horizon: 

' And for this Reafon, ftch a Pojition of the Sphere is called 
Spbara Obliqua \ where, not all the Stars do rile, but fome 
are always above ^ and Ibme always helow^ the Horizon. When 
the Pole cometh to unite with the Zenith^ then the Mquino* 
Qial falleth wholly in- the Horit^on^ and the' Parallels of' it, 
9re alfo parallel to ih^ Horizon \ and this Pqfition of the Sphere 

'E e 2 is 
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' F/f, is called Sphdcra farallela. The Sun moving in that part of 
XXV. . the Ediptklky which is above the Horizon^ that is on one fide oi 
the JEquinoclial^ doth never fct, but is turned continually round 
aboiit, and niaketh a Day ©f Six Moivh§ :, So likewile, running 
through the other Six S'tgm that are under che Horizon^ it doib 
never rije^ but mak^ch a Nigljt of Six Months alfo. 

XXV. The Angle which any Degree of the Ec/ipticAmsiiGth with 
the Riiht Horizon^ (that is, in Sphxra Reifa) is equal to that 
Angle which the fama Degjree of the Edipticky makethwith 
the Meridian : But whether the Ecliptick make fuch an Argle 
with the Right or Oblique Horizon^ the farne Angle is always 
called i\it^ Angle Orient-^ that is, of the riling Degree of the 
Ecliptic k\ and hs Meagre is in the Circle of the gpth Degjree, 
betweta the laid 90th Degree and the Horizon.. 

XX VI. The Angle which the Merididn. maketh in the: ?cle of the 
World with any CircJe of Declination^ taketh its Meafure lathe. 
MquinoHialy between the Meridian and the faid Circle ofDe-^ 
c/inatialy and this^they call. The Dift'ance of the Star fromjbe 
Meridian. ^ S(y likewife the Angle which the Meridian maketh 
with the Vertical Circle at the Zenith^ taketh its Meafure in 
the Horizon.^ between the Meridian, Zftd the laid Vertically and 
this they call. The Azimuth of the Sua or Star.. 

XX VII. The ArAs to be meafured in. every Trineipal Great Gr- 
cle^ or its Secondaries^ haye alfo their proper Appellations: 
SiD the Ark of the JEqmnoSial^ whiGh is comprehended between 
the beginnipg of t\ and the Circle of Declination pafling by 
zny St ary is^ all^ the Right Afcenjion of ihu Star : And the Jr^ 
which in the laid Circle of Declination^ is hemQen the Aquino- 
ffiat'ani theStar^ is called, The Declination oi thztSfar. But the 
Oblique Afcenfion of a Staty is an Ark of the JEqmnoSial^ rec- 
koned fi:om the beginning of T^ to the Point oT the JEquino- 
ffialRifing with that St^r: So likewife, the Oblique Defcenft' 
M of a Star is, the Ark of the JEquinoQial reckoned from the 
beginning of r 3 to that Point of the JEquinoQial^ which is a 
letting together- with the StatL Now tne Difference that is 
between the Right znd Oblique. Afcenjion. ofths Suny or any 
Siiar^h called,. The A^ce^pisal Difference. Mofeover, the 
Ark oC th^Ecli^tickx which is bet ween the beginning ofT^ 
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and Circle of Latitude pafling by any Star^ is called^ The Lo/i- Bg. 
gitut/< oi ih^t Star: And the ArA, which' in the laid Orc/e of XXV. 
Latitude^ is between the Ecliptick and th^ Star^ is th^ Stars 
Latitude : And all this is to be undetf Vood of the Meji/'a/ Globe. 
But upon th^Terreflrial Globe ^ the Longitude and Latitude of 
any ?lace are referred to the MquinoHial and Meridian : So 
:he Longitude of an Earthly Place is an Ark of the JE^ui/ioffial^ 
ntercepted between the Firft Meridian^ and the Meridian paf- 
fing- by the fime Place. And the Lafitude*oi the lame Place is, 
in Aric of the Meridian^ to be reckoned from the WjpiinoQial 
to the Place upon the Globe. 

XVIII. In the Uerizon we reckon the Amplitude of the Sun or 
any Star^ between the true Ea^^ or We^ Points, and that Point ^ 
where the Sun or Star doth Rift or Set : And the faid Ampii' 
tude is either North or South^ according to the Beaming of the 
Sun or Star^ in refpeft of the true Eaji^ or Wejl Points. The 
Altitude of the 5i^/r or a Star^ is taken in the Vertical Circle^ 
pafling by the fame;, between the Horizon, and the ^id Star: 
So the DepreJJion of the Star is. An -drrS of the Vertical Cir- 
cley between the Horizon and.the.faid Star. 
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SECTION III. 



O F 

GEOGRAPHY. 

TH E following Geographical Vroblems being firfV to be per- 
formed upon the Terreftrial Globe \ upon which the Spheri- 
cal Triangle^ that rcfblves any ^ejlion is difcovered, in order to 
the Trigonometrical Calculation : I conceive it necd&ry^ in the 
firft place, to infert this General 

PROBLEM. 

How to Meafure the Sides and Angles, of all Spherical Triangle% 
upon the Convex Superficies of the Globe* 

F,v 'TpHE Sides of all Spherical Triangles upon the Glohe^ are 
XXVI. -l Meafuredhy the Degrees of thofe Great Circles^ that make 
(or conftitute) the Triangle^ contained between the Two Angular 
Taints. 

u If the Side^ or Sides^ of the Triangle to be meafured, do confift 
of fuch Great C/rr/fx as are actually divided into Degrees upon the 
Globe ^ or its Appendants \ as the mquinoSial^ the Colures^ the £- 
. ctiptick^ the general Meridian or horizon : Then, the number of 
Degrqps coftwied ta that Great Circle^ contained between the Two 
Anguikir f^ntr^ is the Quantity of that Side of that Triangle in 
Degrees. But, * \ 2. If 
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2. Ifthc5/A 01 Sides of the Triangle be compofed of Arches Ftg. 
of fuch Great Order z& are not aQually divided (as all G>c/^x XXVI. 
of Longitude^ and other OMmfe Great Circles) then, take the 
Length of fuch Side in a Pair w Calliper Ompaffes^ and apply it to 
any of the fotementionedG/'^^tf Cirefes (a$ the ^j]uino3fal^ &c.) 
ic (hall thereupon ihew you the Quantity of that Side in Degrees. 
— Or, the ^sdrant of Altitude (but rather, a thin PA/r^ of Brajs 
longer than the f^adrant of Altitude^ divided into Degrees^ as 
the ^adrant is) applied to the Side to be Meafured^ between the 
Two Angular Voints^ (hall give you the Quantity of the Degrees 
of that SidelA the Triangle. 

II. for the Angles. 

The Angles of Spherical Triangles are Meafured upon the 
Supeificiesof the G/?^^^ by counting (or lettios off) 90 Deg. 
ftom the Angular foint^ of the A??^/^ to be Meajured^ upon both 
Ae iS/^ifx which contains the Angle to be Meafured : And at the 
Terminations of thofe 90 Deg. on both the Sides ^ oiakeTwo fmall 
Marks upon the Globe. Unto thefe Two Marks^ apply the ^a- 
drant of Altitude^ or thin Vlate of Brj/i s fo the Number of the 
Degrees thereof, cwitained between the Two Marks ^ is the Quan- 
tity of that Angle. 



Geographical Problems. 

p R o B. I. 

To find the Longitude ofan^ Place, defcrihed upon the Terreftriak 
Globe. 

Longitude is the Diftance of a Place from the firft Meridian 
reckoned in the Degrees of the bquator^ beginning, as was 
faid, in the New Terrefirial Olobe^ (made by Mr. Morden) as Sl 
MicbaeP^ Ifland in the Azores. 

Praffice.'] Bring the Place, (that is, the Mark of the Place) fup- 
pole London^ to the Brazen Meridian \ then count how many 
t)egrees of the Equator are contained between the fSrft Meridiany 
and that of L^/r^&/7 cut by \H Brazen Meridian^ which you will 
find to be 28 Deg» and that is the Longitude required. And in 
tfeis manner you find London' 
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London 

Jedo in Japan 
Rio de la plaU^ 
Mexico 
Cbarleton Ifle 



*to be diftant froiQ 
, the firft MeKtii^ 
an by theft TV^to 
Globes. 
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To find the Latitude of any Tlace^^ 

* 

TH E Latitude of a Plate, is the Diftance of the Equator 
from the Parallel of that Place, reckoned in the Degrees 
of th^ Br^ Meridian'^ and is either North ov Souths according as 
it lyes between the North or South Poles c€ the Equator. 

To find the Latitude^ bring the Mark of the Place, fuppofe 
London^ to be the Brazen Meridian ^ then count the Numbsr of 
Degrees upon the Meridiaft^ contained between the Equator and 
the Place 0. Thus you (hall find the Latitude^ by this new 
Globe^ ofli;7(&^,.tobe 51 Deg. 3oMin- and of 

D. M. 
Labor in the Mo^ufs Country tabe/^ 3 1 30 
The South Part of the Cafpian SeaV 

to be J37 o 

Aftracan on the North Part of the 'v 

Cafpian Sea to bd J46 

The North Part of China to be / 42 
Belli in India to be ^-28 
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Ttoo Places^ tohich differ only in Latitude, to find their DiRznco. 

IN this there are Two Varieties of Pofition. 
I. If both the Places lye under the fame ^ridian^ and on 
one and the iame Side of the MquinoBial: SubRraS the Leffer La- 
titude from the Greater y the Difference (or Kemainder^ reduced^ 
Into Milesy (by allowing 60 Deg. to One Mile) fhall give you the 
Diftance. 
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'Example. London and Eibadio lye both under the &me Me* Ftg. 
rldian^ hnt i\&xm Latitude : for London bath 5iDeg. 3oMin, XXVI. 
of Latitude^ at L, and Ribadio hath 34 Dcg. of Latitude^ at R, 
both Kort1)% the Difference of Latitude }s 17 Deg.' 30 Min. 
equal to the Arch L R : And that Reduced into Miles^ makes ' 
J 050 for their Diftance. 

2. If the Two Places lye under the ^m^ Meridian^ hMX in dif- 
ferent Hemijpheres^ /. ^. one on the Narth^ and the other on the 
South Side of th$ Mquinoffial : Then, ili/df i(?/6 /6^ Latitudes to- 
gether^ and the Sum of them is their Dijiance. • . 

Example. London^ and the I Hand Trijian Dacunhu^ lye both 
und^i Ottfi Merufian^ byt London bath 51 Deg. 30. Mm. of 
North Latitude^ at L, and the Ifland h^th 34 Deg; of South 
Latitude^ atD^ tfae>Sum of thele Two Latitudes is 85 Deg. 
30 Min. eqpal tp the Arch of the Meridian LIED\ the which 
reduced into Mi/es^ fby multiplying thq Degrees by <Jo, and al- 
lowing for every Minute One Mile) makes 5130 Miles, for their 
Diftance. 

PROS. IV. 

» 

Tvoo V laces ^ which differ in Longitude only ^ To find their Diftance^ 

IN this there are Two Varieties of Pofiiion. 
I. If the Two Places lyp both under the JEquinoffial^ and 
.have no Latitude ^^ in this Cafe, Their Difference of Longitude 
(if it be lefe than 1 80 Deg^ /> their Diftance : But, if the Dif- 
ference exceed 180 Deg. Subtraft it from 360 Deg. and the Re- 
mainder is their Diftance^ in Degrees. 

Example. The Ifland Samaira^ and Ifland St. Thomas^ lye both 
under the MquinoSial: St. Thomas having 22 Deg. 10 Min. of Lon- 
gitude at T, and the Ifland Samatra 82 Deg. 10 Min. at S. Now, 
the Lefler Longitude 22 Dqg^ 10 Min. fubttra^ted irom the Greater 
82 Deg. 10 Min. leaves 60 Deg. equal to the Arch S T, for their Dif 
ference in Degrees: Which converted into Miles, makes 3600, 
and fb many Miles afetheTWo Iflandsdiftantfrom each other. 

2. But if the Two f laces differ only in Longitude^ and lye not 
in the JEquinoSial^ but under Ibme other intermediate Varallel 
of Latitude: As Hierufalem at R and Baldo at B^ both in the 
Varallel of 31 Deg. 40 Min. of>![orth Latitude^ lit differing in 
Longitude do D g." 1 5 Min. equal to the Angle H P B, to fand 
the Diftance oi thefe Two Places. 

F f LBy 
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%v I. By the Glbbe. 

Apply the S^adrant oi JUtitude^ ox Brafs flate^ to the Two» 
Places, apd the Number of Degrees thereof contained between \ 
the Two Places^ is their Dillance, which will be. found.tote 
50 Deg. 3^Min. 

IT. By Trigonofflettlcal Calcolatiom. 

The ^adrant of AJfttude (or Brafe Plate) applied to the Two 
Places, is reprefented by the Arch H B, and the Arches of the 
Two Meridians^ which pals through the Two Places, are P B N , 
and P H M ^ and PB and P H, are equal to the Complcaent of 
o{ the L j///W^ of both the Places, viz.. 58 Deg. 20 Min. So 
that now you have conftituted;upon the G/^i^ an ObliqHe Spherical 
. Triangle P.B H 5 in which you have given, (i.) The Two Sides^ 
P B and P H, both equal to 58 Deg. 20 Min. the Complemem 
of the Latitude. (2,) The Mgle B P H 60 Deg.. i^ . Min* the 
Difference oi the Longitude of the Two given Places. To find 
the 5/^if BH, their D//?^^^^.- For which this is 

The Canon far Calculation. . By CASE l.of R. A.S.T.. 

As the Radius, Sine 90 Deg. * 
& to the Co-fine of the Common Latitude (P H or P B) 58 D. 20M. . 
So is the Sine of half the Difference of Longitude^ (half BP H) 
30 Deg. 07 ii.Min.. 
To toSineofhalfiheDiftance (half B H) 25 Deg. 16 Min. 
The Double whereof, 50^ Deg. 32 Mm. ! is the. Diflance B H,. 
which in Miles is 3032 Miles. 

PR OB., v.. 

Tv>o Places, which differ both in Longitude and Latitude \ to find, 
their Diftance. 

IN this there arc Three various Vofitions. 
I. If one of the Places lye under the MquinoQial^ and (b have . 
no Latitude ^ and the other under Ibme Parallel of Latitude be- 
tween the JEquinoQial^ and one of the Poles : As London^ in 
5 1 Deg. 30 Min. of North Latitude at L ; and St. Thomas Illand 
under the MquinoQial at T, but differ in Longitude 1 8 Deg. For 
finding the Difiance of thele.Two Places. 



Of Cofmograpliy . i Bi 

}. upon the Ttrreftrial Globe. p. 

Bring London to the Brajs Meridian^ and over it^ fix the f^a- XX VL 
irant of Altitude : The Globe being in this PoGrion^ bring the 
^ Quadrant of Altitude to lye juft over St. Thomas Ifland^ and you 
will find it cut the ^adrant of Altitude^ in 54 Deg. 45 Min. for 
tl^e Diflance of the Two Places. 

II. By Trigonometrical Calculation. 

The Globe refting in the former Pofition, you will find confti- 
tuted upon it a Rigmningled SphehcalTriangU L ^ T^ compofed 
of, f X.) L iE, an Arch of the Brafs Meridian, (2.) ^ T, an 
Arch gS the ^EquinoSiaL And, (3.) L T, an Arch of a Great 
Circle (made by the ^adrant of Altitude) pafling through both 
the Places: And in this Triangle^ you have gven, (befides the 
Right Angle at ffi) (i.) The Perpendicular L fL, the Latitude of 
London^ ji Deg. 30 Min. ^(2.) The ite^^ at L, xbG Difference 
of Longitude iSDegr loMin. To find the Hypotenufe LT, 
the Dijiance. 

The Canon for Calculation: By Cil 5 E XIV. of R. -d.5.T. 

As Tang, of the Latitude L JE, ^i Deg. 30 Min. 

Is to the Radius «, 
So is the Co-fine of jCL T, 18 Deg. 10 Min. 

To the Co-tangent of L T, 52 Deg. 55 Min. 

Which reduced into Miles, makes 3175 MUes, fot Diftance be- 
tween London, and St77?^;xr^I{iand. 

2. If both the Places j^opofed (hall be without the MquinoSial^ 
bat both of thenft, either on the North or South Side thereof: As 
London in 3 1 Deg. 30 Min. at L, and hUrufalem in 3 1 Deg. 
40 Min. at H, both on the North Side of* the JEquinoQial-, and 
their Difierence oi Longitude 4dDeg: To find their Diftance 

Upon the Terreftrial Globe. 

Bring one of the Places, as London^ to the Brafs Meridiav, and 

over it (crew the ^drant of Altitude, and l^eep the Globe there 

fixed, then move the f^adrant of Altitude, till it lye over hieru- 

falem, and yoii (hall find it to lye under ^9 Deg. 32 Min. of the 

S^adrant : And that is the J^i fiance of the Two Places. 
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Fjg. By Ttigooometrical Calculation. 

XXVI. The Globe being in the former Pofition, you will find upon it an 
Obliquerangled Sperical Jrtangh^ compofed of P L, an Arch of 
the Brafs Meridian : Of.P H, an Arch of the Meridian that paf 
fcth over HieruJ/ilem ; and of L H, an Arch of the S^adrant ijf 
Altitude. In which Trw;7^/? you have given, (i.) PL, theCooir 
plemcnt of the Latitude oi London^ 38 D^. 30 Min. (2.) The. 
Side P H (the Conoplement of the Latitude of Uierujalem 59; 
Deg. 20 Min. (3.) The Angle L P H. the Difference of Longi^ 
tude of the Two Places, 46 Deg. To find the Two Angles of Pd- 
Jition at L and H : And, (2.) The Side L H, the Diftance of the. 

Two Places. 

The Canons for Calculation. 

By CASE in. and Cil 5 E IX. of AO. 5. T- 

D. M. 



rp/rH 



30 
20 



Their- Sum h $6 50 
Thei? Diflference is 19 50^ 

The Half Sum is * 48 2? 
The Half Diflference is; p 55,. 

Being thus prepared, I fiy, 

(1.) As the Sine of half the Sum of the Sides P L and P H; 48, 

Deg. 25 Min. 
Is to the Sine of half their D(if<rr^«r<?, pDqg. 55 Min.. 
So is th6^ Cb-tangent of half the Hiff^enee &f.Lo/^itudi (/. e,) 
half the Angle LPH, asEfeg. 
To the Tangent of 28 Deg. ap Min; 
Which is the half Difference of the Angi^s P L H and P H L 

(2.) As theCo fine" of half the Sam of the Sides P L and. P H, 
41 Deg. 35 Min. 
Is to the Co-mie of half their Differeace^ 80 Deg. 2 Min. 
So is the Q)-tangent of half the Difference of Langitude, i, e.. 
half the Angje L P H 23 Deg, 
To the Tangent of 74 Deg. 2 Min. 
W hich is the Tangent of half the 5um of the Two A^es 
- PLHand PHL.. 

The 
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D. M. 
The Half Sum is 74 C2 , • , 

The;Half Difiference is 28 29 



Their Sura^ loa 3 1 equal to < P Ltt 

Their Difierence 45 32 equal to < P H L. 

(3.) For the Side L Hi which is the Difiance^ 
As the Sine of P H L, 45 Deg. 53 Min. 
Is to the Sine of P L, 38 Dfeg. 50 Min. 

So is the Sine of L PH, the Difier/of Le^^y^/V/^dfe, 46 Deg. 
To the Sine of L H, ^c> D^. 5 1 Min. 
Which 3 8 Deg. 31 Min. reducedln Miles, makes 2331 Miles 
for the Difiance of the Two Places, 

3.. If the Two- Places propofed (houtd be fo fituate, that one Have 
IQorth^ and the other Souths Latitude^ and under different Aleri- 
£ans. As fuppofe Conflantinople^' l^ing in 'North Latitude 47 D. 
at C. and the Cape of OoodHope^ lying in 35 Deg. of South La-^ 
titude^ at V^ and ^\S^Ax[g\nLoniitude 59 Deg. To find the Du 
7?j>»f^.of thefeTwo Places 

I^jc^o^f /fe? Terreftrial Globe. 

Bring one of the Places (as Conjiantinople). tothe Brafs Meridi- 
an^ and there keep tiie Globe -^ then apply the Quadrant of Alt t^ 
tude (or rather a thin Plate of Brafs divided ^s that is) to the Two 
Vlaces^ and you fhall find 97 Deg. 42 Min. of the Quadrant (or 
Brafs Flate) to be contained between them, and that is their 
Dijia/tce.^ 

By Trigonometrical Calculation.^ 

The Globe retting in its former Pofition, .you will difcbvcr up- 
on it an Oblique-angled Spherical Triangle^ compoled of P Q an - 
hx€ixoi\h^ or afs Meridian: JP,V, an-Archofa iM(?r/V//j/f, pafling 
through the Place in South Latitude : And of C V, the kitadrant 
(or Brafs Vlate) reprefenting the Arcb of a Gireat Circle pafling 
through both xYit Places: — In which Triangle you have given, ^ 
(i.) The-SidePC, the Complement o'[ thQ Latitude ofConftanti- 
nople^ 43 Deg. (2.) The Side P V, the Sou{h Latitude of the ■ 
Gaupe 01 Good Hope^ withpoDeg. added, which make 125 Deg. 
And, (3.) The Angje V P C5 tht Difference of Longitude^ 59 D^ 
To find, (i.) The Angles of Pojitio^n P VC and PCV: Andi 
(2.) The- third Side VC, the Difiance oi the Two Places.^ 

The 



xxvr. 



1^4 Ancilla Maihemaiica. 

Fig. TheCanomfor Calculations^ oi in the lafl^ by C A S E tlL ^and 
XXVI. IX. ef AO.S.T. 

(i.) As the Sine of the Half Sum ofth^'SfJei PV and P C, 84D. 

Is to the Sine of half their Difference^ 41 Deg- 
So is the Co-tangent of half the Difference cfLomitude^ L e. 
(half the Angle V F C) 2p Deg. 30 Min. 
To the Tangent of 4p D^. 23 Min. 
Which is the Ha/f Difference of the Angles PVC and PCV. 

(2.) As the Co-fine of half the Sum of the Sides, F V and P C, 
tfDeg, . ' 

Is to the Co-fine of half their Difference^ 49D^« 
So is the Co-tangent of half the Difference of Lofigimie, 6 1 Deg, 
To the Tangent of 85 Deg. 3 2 Min. 
.Which is half the Sum of the Two Angles, P CV and P V C 

The half Slim is 85 32 

The halfvDiftecence is 49 ^3 

Their Sum 134 55 cqualto <! P CV. 

Theit Difference 3^ QP ^qual to < P V C 

Two Angles ofPoJttion. 



(3.) For the Side V C, which is the Diftance of the Two Places. 

AstheSincofPVC, ^sDeg. p Min. 
Is to the Sine of P C, 43 Deg* 

SoistheSineofVPQ 5pDeg. 
TotheSineof82Deg. 18 Min. 
Whofe Complement to 180 Deg. isp7 Deg. 42 Min. for the 
Side V C, which is the Diftance of the Two Places. Which 
in Miles is $Z62. 

And thefe are all the Varieties of Pofitions that any Two 
Places upon the Globe can be fituate. 
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ANCILLA MATHEM ATIGA. 

Trigonometria Pra6Kca. 
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SECT! ON IV. 



OF 



ASTRONOMY 



A DVE R T^S E M E NT.. 

WHereas, for tjie reHving of the fblliwmg 4^^ Fig. 

Problems hy Trigonometrical Kjilculation^ . it is abfblutdy .XXVlL 
neceflarjr, that the true F/ace (or Longitude) of the Sun in the £- 
cliptick be fiift known ^ I have therefore inferted AftronomicalTa- 
bles of the Suris Mean Longitude and Anomaly in Tears ^ Months^ , 
D/iyj and Hours s andalfo of Mquation^ whereby the: Sun's true .. 
Place in the EcHptick may be found at any time. It Is alfo to bo^ 
BOted, That the feveral Problems in this SeSion^ being wrought ^ 
fifft by the C^leftial Globe ^ in order to their Trigonometrical Cal- ' 
culation -, . I have^ therefore, to inforni the Fancy, and eafe the ,: 
Memory, of the Reader (i» all the Schemes relatmg. to them, 
C which confift of Great Circles of the Sphere^ -znA repre(ent the. 
Triangle to the Eye^ which the Problem is to be refolved by) no- 
ted the Circles^ Lines and Points^ in all the Schemes^ with the • 
lame Letters or Q?ara8ers •, and prefixed T1?cmyZnd their Signiji- - 
raiMmsy next before th^Problems. ... 
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Jncilla Mathematical 

The Vfe of the Tables. 

TO find the Sm"% true Place in ih^JEcIipkk at anj tiffle» If 
thcfe TMes^ this is the - 

K V If E. 

From the feveral Tahles^ coUe£^ the TBnri^ Months and Def 
of the Mmthy and.alfo:the odd ifMcrx, if any be, and let them 
down^ one under anodier, with the lelbeQive vLongituies and 
Anomalies anfvrering (hereto : Then add the fevtrdXiLc^itudes 
and Anomalies fogethdr^ and with the Sum of the Uxomalies^ 
enter (T^l^ ^) of Xquasions^ which JEguationy Add tOy or 
SubflraSjrom^ the Sum of the Longitudes^ and the Sum ouRe- 
moirtdery (hall be the Sun's true Place m the Eelipiick§^x the 
time propoled. 

l/asi Time is to 'be computed. 

I. Any Djy begins upon its own Nooji-, to that the Rfft 
Day oi January y at 12 at ATiV^, is th&conunoQ Ti?fMr of die Old 
and iVjw l^^/v. 

Example*. 

V Let thetrue Flace of the Sun in the Ecliptickh^ required^ ^for 
i the itfth Day of May^ in the Year of our Lord 1703. at 
! 5 hi the Afternoon. — 

Ftrfty Set down the Year 1703-. thdi the M<Mtth and 1>ay, 
May 16^ and laftlv^ the HoUrS) 5^ as is here dqe. 



I LongtB 

ls.jx'jn. 



Year 1703. | 9 ao 14 | otf 12 46 
May^ pay ip. 
Hour ' 5 



© IWean^Loa 
jffiquat. Add. 

© true Place. 



4 H 03 04 12 02 




i-l 04 i^? 
01 ptf 

5 05 35f 



A D. ill. 



12 



Secondly y Look for 
1703. (in TtfW!? L) a- 
gainft which (lands 9 Si 
10 D. 14 M. for the 
® Longitude *y and d S. 
i2D.4tfM. f<»:the0J- 
/rt?/;?i7^ ^ both which iet 
dowiL as.heieyou iee. 

Thirdly y Look for Mi^ 
16. (in Table II) agaiMt 
which (lands 4 S* 14A 
3 M. for the I^/asf • ^d 
4S. 12B. 2M. S)t m^ Anomafy ^^ both whidi let iinder th$ for- 
iner, as you fee. t , , 

'Fourthly^ VoolTl^iBoxxti OhTdblelll.) agairfl whidi ttands 
12 Minutes, both for the Lar^it. and Anomal. both fct down, as 
you fee. , Fifihfy 



10 25 00 



n Gemini^ 



Solar Tobies. 

fifthly^ Add all the Lo»gh$uffs together, and thejr make 
X4 Sig. 04 Deg. 29 Min. (from which abate 12 Signsy and there 
remains only Two S^g^.) -^Allb Add the Anomalies togctiiQT^ and 
they make 10 Sig. 2$ Dep. 00 Min. 

Sixthly^ (in Table IV.) Look for lo Signs at the Bottom of the 
Table^ and 2 5 Deg. in the lalt Column towards the R/^6/ Uand^ 
lb againft it, over 10 Signs^ you ihall find i Deg 6 Min. to be 
Added. Set them under the mean Longitude^ and add them to it, 
lb will the Sim be 2 Sig. 05 Deg. ;; Min. And that is the true 
Flace of the Sun in the Ediptick, which is 3 $ D^ diftant from 
the JEqulnoQial Voint T Aries. Note, that 

Signs 012345^789 10 IX 
Is rbn«a'»*2i«l3tva: K 

Oiher Examfles. 

Anom. 
S. a M. 
• 6 12 21 
I 28 09 

15 



Year 1720. 
Febr. Day 29 
Hours 6 



{ Longit. © 
S. D. M. 
9 20 07 
1 28 09 
I? 



Mean Motion 
^uat. Add. 

true Ifiaicer 




8 10 4; 



In this Example^ it 
beingJL^tf^l2rjr, I take 
the Day of the Month 
out of the Column that 
hath Bifjex. at the 
Head of it. 



I 



X Pi/ces. I 



Year 17 1 3 

April 23 

At Noon 

Mean Motion 
JEqui. Add. 

true Place. 



Longit. © 
S. D. M. 

9 20 48 
321 23 
o 00 00 



Anom. © i 


S. 


D. M. 


6 


13 10 


3 


21 2a 





00 00 


10 


04 32 



Year 17^1 
'Jan. Day 12 
Hou rs ^ 16 
Mean Wiocion 
JEquat Add. 

© true !^lace. 




Note alfo, That if 
the Sum of the Sun's 
Anomalies be fefs ttein 
Six S\gnsy they will 
be &und at the Head 
of the Mquation Ta- 
bk^ and the Tkgrees 
IB the Virft Column to- 
wards the Left Uaxd^ 
and the ^f /yjxi^^r rnvft 
(always) be SubftraS- 
ed from the Mean Lon- 
gitude s whereas in all 
thefe Examples it hath 
been Added. 



^95 



In 



ipd AnciUa Matbematka, 

fn aH the Problcnu in this SeSion^ it is to be undetftood) That 
(in all the Spherical Scbemet^ or Figures fbllowhig; 



P "» 

pp 

F 
EC 

FF 




R 


* 

S 



R. 



''foleofthcWbxlA. 

MquittoSial Circle, or JEquator. ^ 

farallels (pt fmaller Circles) oi Declination of the 
Sun, or of a Star. 

Pole of" the Edipticki 

Ecliptick. 

faraliels (or lefler Circlet) of ARtttule of tfce 
Sun, ot of z Story ot the Latitude of z Place 
or Country. ' 

; Vernal O Iflterfi£lK>n of the Extipick and ^« 

Autumnal y quator. 

ients ' ZenUb. 
the Nadir. 

Horizon^ 

Prime Vertical Ciicle, or Aztmuth of Ea/f and 

Bjfl 7^^^^ ^^ *® Meridian: Or the Ptace 
H^W? r ^° iheUerizon^ where the Siv/r, or a. 

Right Angle.^ 

Sun. 

Star. 

Side^ Sutt (and Ibmetunes) Star. 

North 



Ri/es or Sets. 



g^^Xhatitude^ Dec&nation^ Amplitt^e^^ 



. T. Right-angled 



B. A. S. T. Right-angled 7 «. . Trf,«.i-c 



Afirom)-- 
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Aftronomical Problems. 



I 



PROBLEM L 

T&^ Longimde, ^ Place of the Sm^ in the Eclipiick, hin£ 
^iveft\ To find ^ 

I. 'The Surfs Right Afcenfion, 
i.Tbe Sun's Declination. , 

5. The Angle of PoGtion made by the InterfeSion of the 
Meridian <x/r^ /A^ Ecliptick. 

N this Froblem there is given the Surfs or a Stars Vlace^ 
in Refpea of the Eclimck\ -and his Place, in lelpeCl of 
tbe Mquin^ial^ is required, ' ^ 

I. By the Coeleftial Globe. 

Example. Let the Plac» of the Sun be in 29 Deg. oiTau^^ , 
rt^ «, (that is, 59 Deg. from the beginning of Aries r, 
which is the neareft MquinoSial Point.) 

, The Giobe being in any Tvjition^ (for in this Problem there 
is no regard to be had to the Latitude) couht the Sun's Place 
in the Ediptick upcMi the Ecliptick Circle^ from T •, and bring 
that Pomt to the Graduated Side of the Brafs Meridian^. 
Then, (i.) Will the Br^ Meridian cut the JEquinoQhl Circle 
in 56 d. 46 m. counted al(b from r i and that is the Right 
Afcenjion. And, (2.) The Number of Degt^es of the Bi^afs 
Meridian^ comprehended between the JEquinoSial and Ecliptick 
Circles^ will be 20 d. which is the Surfs Declination. — ^And, 
(3.) The Angle made by the Interie£iion of the Brafs Meridi- 
an^ airi the Ecliptick Circle in the Point of the Sun's Place, 
will be 77 d. 23 m. which is the Ar^le of Pofition^ in rclpeft 
of the, Merididn and Ecliptick. 

II. By Trigonometrical Calculation. 

The Gbbe being in this Vofition^ there, is reprefented npott 
the Superficies thereof^ Two Right-angled Spherical Triangles^ 
fucfa as are exprefled in the Diagrams*^ and are .there noted Pig. 
with © R r and © R la j in which, the Sides © T and © ^ XXVII. 
are Arches of the Ecliptick Circle^ iind is the Sur^s Longitude : XXVIIl 

H h 2 ^ The 
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There is given, 
befides the Bjghh 
Angle at R, 



Yig. The Sides r R and tfii R are Arches of the JEquhoffjoL and 
XXVIL is the Swm\ Right Afcenfion s tad the Sides R are Arches 
XXVllLof the Brafs Meridian^ and is the Surfs Decfwaihn^^Alfb, 
the Angle at r or Jfi», is the Angle of the greateft OUiquhy 
of the EcHptick^ (and is equal to the Surfs greateft Dec/i/iait 
0ft 2id. zim.) The Angle R is a Right Angle ^ and the Angle 
© is. the Angle at the Suffs ^ojiilon^ int^fy^ofxh^Ec/ij>iicJt 
and Meridian Circles. 

To refolve this Frohlem Trigonometrically^ yog are to con- 
fider the ^adrant of the Ediptick^ in which the Sun is, which 
in the Figures are fignified by one of thefe Numbers, i. 2. 3. 4. 
Of which, the fitft is of the Springs from the beginning of A- 
ties r, to the beginning oi Cancer e, &c. Then in the Trian- 
gle R r ® orR ^ ©. 

1. The Ai^le at r or tsi, 23 d. 31 m. 

2. R r orR »a: The Sun's Diftance fromtha 
next JEquinoHial Point ^^ to be numbied 
from r or ja, unto the Degrees of the Sun's 
Longitude ot Place in the EcUptick given. 

And, 
"i. R ©, The Surfs Declination for that Sign which he is 
in^ whether North or South. 

^ I . The Degrees found by thel 
Oinon, are the Degrees of 
\. The Degrees found, ttiuft be 
2. The Arch ^ fubfira&cd from 180, and the 
r R, or reinaindedaretheDqgteesof 

1. The Degrees found muft be l?^*^ ^ 
if it beinl added to 180, and the Sum | 4/^^^-^^^- 
^ are the Degrees of 
4. The Degrees found nnift be 
fubftra£t^ from 3 tf o d. and the 
Remainder are the Degrees of^ 
The Angle"®, or the Angle of Pofition^ In refpe£l rf 
the Meri£an and EcUptick Circles. 

The Canons for Calculation. 

* 

The Sun being in 29 d. of Tauruis », which Is 5V d. from. 
Aries T. 






Quadrant, 



3 



I. Fox 
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I. For the Bight Afcenfion r or «fe R. By Cafe III. of R A. S. T. % 

As the Sine of po d. v y vSv 

Is to the Co-finc of the greatcft Obliquity of the Ecliptick ^^^^^"• 
66 d. 2p m« 
So is the Tangent of the Spin's Diflance JFbm T or a, 5^ d, 
TotheTai^entof 5dd. 4<5m, Which is the Sun's Rf'ibt 
Afcenjton \ becaufe his Place given was in the Firft ^tt^ 
drant : —But if the Sun had been in i d. oiLeo XI, or 
^p d. of Scorpio ni, or i d. of Aquarius am. All which 
Points are 5p d. diftant from r or «a ; the IRight Afcen- 
fion would be found the fame, as before, viz. 55 d. 46 m. 
But by the Rule before given in this Pra^/^;v« 

D. M. 

If the Sun*s f i d. of Ixo^ inQpad. 2. ^The R. Afcerh f 1 2 3 14 

Place given <2pd. of 5f^r//V, inQu.3. > fion would ^235 45 

hadi)een inC i d. ofAquarita^ inQ[7.4.3 have been C 3^3 ^% 

2. For the 5i5^/fV Declination R ©• By Cj/ir II. of R. A. S. T. 

AstheSineof j^od. 

Is to the Sine of the gieateft Obliquity of the Ediptick 23 d.3 1 nn 
So is tbeSineof the Sun's Diftance from r or ^ $9^* 

To the Sine of 20 d. 'the Sun's prefent Declination. 
Which is Nortby becaufe he is in a Northern Sign. 

3. For the Angle of the Suns P<2/&/^/r0. B^ Cafe III. of R. 

AL o« Xt 

As the Sine of the Sun's prefent Declination 20 d> 

Is to the Sine of greateit Declination x^ i. g i m. 
So is the Sine of the Sun^s H Afcenfion $5 d. 46 m. 

To the Sine of 77 d. 23 m. The Sun's Angle of Fofition^ nwde 
by the Mericuan aiid Ediptick Circles. 

P R O B. IT. 

The Right Afcenfion, or Declination of the Sun givert^^ To 
Jmdhts Longitude (or Place) in the Ediptick. 

THIS is the Converfe of the fojcgoing Vrchlem\ for in; 
this, the Sun's Flace^ in refoeft bf the MqninoSial Circle^ 
is given : And his Vlace^ in refpea of the Ediptick Grcle^ is re» 
qui^ : And may be relblved as followeth. 
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I. By the Coeleftial Globe. 

Fig. Example. Let the Sun's Right Afcenfionh^ 303 d. 14 tn. doi 

XXVII. • his Declination 20 d. Southward : ' And let his Lcfngitude 

XXVIII. (or Place in the Ecliptick) be required. 

Count ^03 d. 14 m, x^q Right Afcenfion given, upon the -^. 
guinoSial Circle^ ftom the Vernal JEguimSial Point Aries T^ 
.and^bruig that Point to the graduated Side of the Br aft Me- 
ridian : Then will the Brafs Meridian cut the EcHptick Grcle 
in I d. of Aquarius ss, and in that Sign and Degree the Sun is 
at Noon^ when his Right Afcenfion is ^03 d. 14 m. 

But to find his Place by his Declination^ Count 20 d. (the De- 
clination given) upon the Brafs Meridian^ downwards towards 
the South Pole ( becaufe the Declination given was Southerly ) 
and turn the Body of the Globe about till 20 A.oixhQ Meridian 
do cut the EcHptick Grcle ^ which it will do in Two Points, viz. 
One in X9 d.x>£ Scorpio m, in the third Quadrant ^ and the 
other in i d. of.Aguarif^ss^ in the fourth ^adrant^^ in both 
which Points the Sun being, he hath 20 d. ot South DecRnatian^ 
and which of thofe Points you leek is determmed by the De- 
grees of Right Afcenfion given, as he^ 303 d, 14 m. and the 
Globe being in this Pofition, will fign out the lame Triangles, 
mentioned in the foregoing Problem. 

IL By Trigonometrical Calculation. 

Confider the ^jsadrant of the EcHptick in which the* Sum is, 
(which the Degrees of Right Afcenfion given, will determiw) 
and in this Example will be the fourth ^adrant : But the 
given Declination is indiflerent in all the Four ^isadrants. 

Wherefore, in the Triangle R r ©. 

I. The Angle at r or -s, 23 d. ^1 m. the5^;rV 
•ri,-.r^ ;o erUr€.rs V i^^^tctt DccHnation. 
ILl? Si V The Side R©, the Sun's prefent Declination 
behdes tne j ^od. And alfo either of the other Sides R T 




Right Aflgle \ (^j j^^^g,^ ^^ ^j^ ^f ^j^ ^puaor, to be nam- 
at K. / ^j.g J £j.^Qj ^jjg neareft MaumoSial Point, to the 

Degrees of Right Afcenfion given. . 



Afi^ 
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The Side © T for © ;&) the Sun's Diftance in F/]?. 
# ■! ^^^ . \ the EcHptick Circle ^ from the neareft JEguh XXVIL 

^d!S \ ^"^^"^ ^^'^^' ^^^ ^^^^^ ^^^^^ ^^^ 1>^4/. XXVIII. 
^ i Mi^ required is to be Bumbred upon the Ec/ip- 

tick Circle. 
So the IRight AJcenfion 303 d. 14 vcl given^. it being in the 
fourth i^Wrtf/rr, will give in the Eelipticki is of Aqua- 
rius «. 

The Canons for Calculation. 

I. By the BJiht AJcenfion given. 

The Rtffc^ Afcenfton given being 303 d. 14 ra. are found in 
Ae E70r/^ f^adrant^ and there^re muft be fublbra&ed from 
360 d« and the Remainder will be %S d. 46 n[L which muft 
^ made ufe of in the Qilculation,. inftead of 903 d. 14 m. 
And then in the Triangle t^ © R, 

r. By the R/^6/ Afcenfion given. 

As the Tangent of the Side «fii R, 56 d. 46 m, the ^^ht Afcdn- 

fion^ 
Is to the Sine of 9^ d.or Radius: 

&> is the Co-fine of the Angle at ^ 66 d. 29 m. 

To the Co-tapgent of «» ®, 59 d. 00 m. Sun's Longitude. 

Now, becaufe the Right AJcenfion given was in the fourth 

S^adrant^ the Longitude ^6 d. 46 m. thus* found, muft be 

in the Fourth ^adrant alfi>, which wiH be m i d. of Aqua- 

rit^ ss. 

2. By the Declination given. 

As the Sine of the SvsCsgreateft Declination^ 23 d. 31 m. the 
An^ at tsi. 
Is to the Sine of the Side ©R, 20 d. the. Sun's /^r^/r/ De-^ 
clinasioH given : ' ' 

So is the Radius Sine 90' d. 

To the Sine of the Side ^(S>y sfpd. from Libra ^. 

And beuig in the Fourth ^adrant^ it gives the Longp^tode of 
the Sun to be in i^d. of Aquarius ^^ as before. * 
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PROS. IIL 

v}a The Latitude of the Vlact^ 51 ^/. 30 «. and the Suds Ttace in 
vviv ^he Edipiick, 29 d. ^Taurus, given^ tofind^ 
AAiA. ^^ r^^^ ^^jf^ Declination- 

2. The Suris Amplitude. 

3. The Hour jrom Midnight or AfcenftM all 

4. The Time of the Suns Rifing and Setting. 

5. The Length ^ the Day and Night. 

6. Tft^ Angle ^/&e 5ii«r'j Pofition at the time ofhk Ri- 
fing or Setting. 

L By the Coeleflial Globe. 

BRin^ the 29 d. of Taurus to the Brafs Meridian^ and yoa 
will find 29 of Ttf/KTAer to lye under 20 d. of the Mer'tih 
an^ and that is the Sun's Declination Norths the Sun beii% in 
a Northern Sigp. Then, fet the Index of the Uour-Circle to the 
5i?iy/^ r2, and turn the Body of the Globe Eaftward, tiU 29 d. 
of Taurus do juft touch the Horizon^ and there fix it. IlieD 
(hall you find 29 d. of Taurtfs to cut the Horizon in 33 d. 
J 8 m. counted fiom the Eafi^ which is the Amplitude of the 
Sun's Bjfing from the true Ej/? Point of the Horizon Nonh- 
ward : And alfo, the Index of the Hour-Wheel^ will point out 
1 1 m. after 4 in the Morning, at which time the Sun BJfethn 
—And if you turn the Body of the Globe about Weftward, 
till 29 d. of Taurus doth touch the Weji Side of the Horizon ^ 
then Ihall the Index point at ^9 m. after 7 at Night, at which 
Time the Sun Setteth. 

Again, Turn the Globe about, till 29 d. ^f Taurus touch 
the Eaji Side of the Horizon (as before) and &t the Imkx of 
the nour^Circle to the North (ox undermoft) 12:^ And then 
turning it Weftward till 29 d. of Taurus touch the Horizon on 
th^ Wefi Side ^ and then (hall the Index point at 3 ho. 38 m. 
more than 12 Hours, from the South 12: Which (hews that 
the Day is then 15 ho. and ^8 m. L^i^.-^And if you omnt 
the Hours between the fJorth 12 and the Index^ you (hall find 
them to be 8 ho. and 22 m. and that is the Length of thQ Night. 

And then, for the Angle of the Sun^s Yojition^ that is to be 
found, as is dired:ed in the 94th Element^ and in the Problem 
to this Second Part^ and will be found to be 56 d. 23 m. 

The 



The Globe being in tkis Pofirion, there is reprefented upon Ee. 
the Superficies of it a Spherical Triangle P © O, as in Fig. XXIX. 
compounded of the Arches of fuch Great Circles oi the Sphere^ 
2S are ingredient in the Fropqfttion^ viz^ Of P O, an Arch of 
the Brafs Meridian \ of © O, an Arch of the Horizon ; and 
of P ©5 an Arch of -that Meridian^ which cutteth the Eclip- 
tick in that Point in which the Sun is. —And in this Triangle, 
the Angle P O © is a Right Angle : © P O, is the Hour from 
Midnight : And the Angle P © O, is the Angle of Pajition made 
by the Meridian and Horizon^ at the time of the Sun^r Rijing. 

II. By Trigonometrical Calculation. 

In the Triangle P O ®, you have given, (befides the Righ^ 
Angle at O). (!•) The Hypotenufe P ®i^ the Complement .^ 
the Sun's Declination^ (70 d.) (2.) The Perpendicular PO, tte 
Latitude 5 1 d. 30 m. —To find, (r-) The Bale © O, the Suif^ 
Amplitude at hisRlfidg. (2.) TheAngjie ®PQ, xbt Hour ftom 
Midnight : And, (3.) The Angle P © O ; the Angle of the Su7i\ 
Fofition at his Rifing. 

The Canons for Calculation. 

L For the Amplitude, © O- By Cafe VL of R. A S. T. 
As the Co-fine of P O, (the Latitude) 38 d. 30m. 

Is to the Radius, 90 d. 
So is the Co-fine of P ©, (the Sun's Declination) ao d. 
To the Co-fine of © O, (the AmHtude) -33 d. 20 m. 
Which is equal to the Arch of the Horizon. Or ®^ which 
is the Amplitude of his Rijing from the Haji North- 
ward, becaufe the Sun was in a Northern Sign : For if 
he had been in a Southern Sign, as in 59 d. of Scorpio^ 
the Amplitude would have been the fame, but from the 
Eajl Southward. 
2. For the Hour hotn Midnight $) P 0. By Cafe V. of R^A S.T. 
As the Radius, 

Is to the Tangent of P (the Latitude) 51 d. 30 m. 
So is the Co- tangent of P © (the Sun's Diflance from the Pole) 
20 d. 
To the Co-fine of © P O (the Hour from Six) 27 d. 14 m. 
Whole CompleajwOt, 62 d.'4d m. 'is the Hour firom Midnights 
which turned intoT/W, (by allowing 1 5 d. for i h. and 4 d. 
for I m. of Time) makes 4 h, and 11 m. Which is the 
Hour ftotci Midnight, 

li 3. For 
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ff^ 3, For the Afcenfiond Difference. 

XXIX. The Hours from Midnight^ ^^ }^ "^^"- fubftraaed from 6 h.. 
there remains i b. 49 m. which is x\iz Afcenfiond Difference.. 
Or, The Time that the Sun BJfes before Six in the Summer^ or 
after «S/;tf in the Winter. 

4. and 5. For theTiW of the Sun's Uifingztd Seuing^ and 
(cx)nrequently). the Length of the Day and A^/^iA 

The Afcenfional Difference^ i h. 49 m. being added to 6 h. 
gives 7 h. 4p m. for the Semidiurnal Ark in Summer 5 or fubtfaQ* 
ed from 6 h. gives 4 h. 1 1 m. for the Semidiurnal Ark in Win- 
Ur. 

The Semidiurnal Ark^ 7 h. 4^m, frAftrafted from 12 b. there 
Kmains 4 h. it ni. for the time of the Sun^s Rifing: And that 
iiibftraded fiom la h. leaves 7 h. 4901. for the time of the 
Sun^s Setting. And, 

The Semidiurnal Ark^ 7 b 49m; doubled^ gives'i5^te 38'ro. 
for the Length of the Day: —And 15 h. 38 m. fuUtraded from 
24 h. there vi^ill remain 8 h. 22 m. for the Length of the Night. 

6. For the An^e P ©^ 0, of the Sun's V^fition^, at. the time 
. of hi$ JJ</?^- By Oxfe IV. of R A & T. 

As tfaeSineof F 6> (the Co-Declmation) 70 d- 

Is to the Radius : 
So is the Sineof PO ("the Latitude) 51 d. 30 m. 

To the Sineof P © O (the Angle of T^cjition at the Sim's Ri\~ 
fing) 56 dr 23 m.- 

FRO b; IV. 

Tjf find the Sun's Meridian Altitude, ^adhisTkpteS&oit^r Mid- 
night, he being in any Foint of the Ecliptick. 

LET the Place oFthe Sun be the ISme, as in the former 
Problem^ viz. in 29 d. ofTauruif. Then,, 

I. ^ /ft^ Corieftial Globe. 

Tiimtfie Globe about, till the 29 d of Taurus^ be juft under- 

the iWmfl¥^/r-, then fhall you find the Number of Degrees of the 

Meridian^ which are comprehended berween tliat Point and the 

Horizon to be 58 d. 30 m. which is the Meridian Altitude. And 

^ if you bring the 2s d: of 5^^j?/t7^ which is ths. oppofite. Point of 

th& 
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the Ecliptick in which the Sun is, to the Meridian^ the Number F/> 
of the Degrees of the Meridian between that Point and the Uoru xxik 
zon win be found to be i8 d, 30 m. which is the Suri% De- ^ 
preffion at Midnight. 

In like manner. 

You fhall 
When the J25 00 ^,t find theJip 25(^And the 
SA^/risin )29 oo a:^ Meridian) 26 38 ( Depre/. 

Altitude. 

P R O B. V. 

T(7 ifar^w TO&^^ Twilight &^/>j ^/r^ E;7rfr. 

T^^/i^^ begins, when the Sun is 18 d. below the Horizon be- 
lore ivs^Jing r And endeth, when the Sun cometh to be 1 8 d. 
below the Horizon^ after its Setting. 

The Gbbe ReSlified, and the Sun in 19 d. of Taums^ find the 
oppofite Point thereunto, which is the 29 d. of Scorpio ^ and bring 
that Point, as alfo the ^adrant of Altitude^ both of theni on 
the Weft-fide of the Meridian ^ and then move both the Body 
of the Glohe^ and thci^adrant of Altitude zXfb^ till the 2pd.of 
Scorpio, lye direftly under 18 d. of the Stuadrant of Altitude : 
Which done, keep them both together, and then fee how many 
Hours the Index is removed from 12, which you (hall find to 
be I h. and 8 m« So that Twilight begins at 8 m. after i in the 
Morning* And this being taken fit>m 4 h.. 11 m. the time of 
the Sun*s Rijingih^t Day, there will remain 3 h. 3 m. which is 
the Length or Continuance of the Twi/igbt. Alio if you double the 
time of the beginning of Twilight i h. 8 m. you (hall have the 
length of dark Night, which will be but 2 h. 16 m. 

In like manner, if you would know when . the Twilight endeth 
after Sunjetting^ you muft brmg the 2p d. oi Scorpio (the Point 
oppofite to the Sun) on the Ealt4ide of the Meridian ^ making it, 
and i8d. of the Quadrant of Altitude^ to meet, then the Index 
will thew 10 h. 52 m. and till that time of Night doth Twilight 
coDtlnne. 
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xxik. !>■ «.^ 

J (Daybreak ) $52(5 JTwUight 
I2»r will beat H 6?*^ ) laft till' 

And if you eo s^out to find the tintie of the beginning and end* 
oiTvoilight^ all the Time that Sun is pafilng from 2 d. of Gemi^- 
ni to |Od. oiCancet^ which is from about the 12th of May to 
the 1 2th oi July^ you (hall find that there will be noTwi/igbf at 
all, but all that Time continual Day : For all that Space of 
Time the Sun never jdelc^ndeth fb much as 18 d. under the//^ 
rjzo;i^ in the Latitude of 5 1 d.. 30 m. 

The former of thefe Two laft Problems needeth no Trigone- 
metrical Calculation: But, if to the Sun's Declination for the 
Day (or Place of the Sum) given, 20 d. you add the Comple- 
ment of the Latitude given, 38 d« 30 m. the aSx^/xt of them ;8 d. 
30 m. is the Meridian Mntudc for that Day that the Sun is in 
58 d, of Taurus. 

But if the Syn had been in 29 d. of Scorpio^ a Southern Sign, 
then the Declination 20 d. fubftra£led from 38 d. ;o m. tbeG)m- 
plement of the Latitude^ the Remainder 18 d* 30 m. will be tl» 
Meridian Altitude. 

For the Deprejfion of the Sun^ he being upon the Meridian at 
Midnight, it is the fame with the Meridian Akitude^ when the- 
Sun is in the oppofite Sign. 

So the Depreffion at Midnight when the Sun is lo^ 

29d*of Ttfj;^ri5«f,7 . fiSd- 30 m, 
29 d. oiScorpo^^^\^% d. 30 m. 
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F R O B. VL 

Ib^ Latitude /?/ Place, and the 3ttnV Place in the Ecliptick (and 
confequently bis Dedtnation) tei^g given j Tafind 
!• What Akitude the Sun Jhall have, at Six a Clock. 

2. What Azimuth he will heupon^ at Six a Oock^ Morning or 
Evening. 

3. The Anele of the SunV Pofition, made by the InterfeSion 
of the Vertical Circle, and the Meridian vohich pajjes by 
the Sun at the time of the Queftion. 

ALL thefe Froblems. are only in ufe, when Sun is in a AV- Eg. 
them Sign^ and 9^ hath North Declination : For the Sun is XXIX. 
never above the Horizon (in either of the Temperate Zones) when 
he isf in a Southern Sign^ or hath South Declination. 

L fy the Cc&leftial Globe. 

1. For the Altitude at Six. Biii^ the 29 d. of Taurus to the 
Meridian^ and fet the Index of the Hour-Circle to 1 2 5 then fum 
the Globe Eaftward, jtill the Index of the Hour-Circle come jiitt 
toSiK a Clock : Then liolding the G/obe there, lay the Quadrant 
of Altitude juft over the 29 d. of Taurt^, and there you (hall 
find it to cut I5d. 30 m. of the ^adrant. And fuch Altitude 
fhall the 5i//r have at Six a Clock in the Mornings and the fame 
at Six at l^ight. 

And fo, 

f I tf CO ti^ The Su7t% Attitude f 1 2 32 
When the Sun is in < • > at Six will be< 

.413 00 T^ fcund to be t 4 2 

2. For the Azimuth at Six. Bring the 29 of Taunts to the Ale- 
ridian^ and fet the ht^x of the Hour-Wheel xo 12^ then move 
the Globe till the Index lye upon Six -, and holding the Globe 
there, lay the ^adrant of Altitude juft over 29 d. Taurt^s: Then 
Ihall you find^ that there are 77 d. 14 m. of the Horizon con- 
tained between the Inierfe£Uon of the North Fart of the D\eri' 
dian^ and the ^adrant of Altitude which is the Azimuth from 
the Norths or 12 d. 4dm. from the Eaft, which is the -d-s/- 
muth from the Eaft, or 102 d. 46 m. from the South^ which is 

its Azimuth therefrom. 

la 
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E/|. In like tnanner, 
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\6 o il'^The Sun's Asi' (Narih 

fnuth at rf YvilU79 49 10 ■ 1 1 
be found tobe^ 
T} from the i^^6 /i^l '3 '3 

11. By Trigonometrical Calculation. ^ 

The GM^ being in this Pofition, you may difcoTer upon the 
fig. Superficies thereof a 5pftrr/V/i/Tm;7^/(f,fuch as in the Figure^ is 
X2&. noted with Z P © j' in which, Z P is ah Arch of the Meridian^ 
P © an Arch of the Hourdrcle of Six, and Z ^ an Arch of an 
Azimuth^ or Vertical Circle : In which Triavgle there is giveri, 
(befides the Right Angle at P). (i.) The Perpendicular Z P) 
3S d. 30 m. equal to the Complement of the Latitude. (2.) The 
Bale © P, 70 d. equal to the Complement of the Sun's Declindiion: 
To find, (i.) The Hypotenufe Z ®, the Complement of the 
Sun's Altitude at Six. (2.) The Angle ® Z P, the Sun's Azi- 
muth at Six a Qock : (j.) Z .© P, the Angle of the Sun's ?e- 
fiiion. 

* The Canons for Calculation. 

I. For the Hypotenufe Z ©, (the Complement of the Sun's Al- 
titude atStt) hy Cafe XIV. oFR. A S. T. 

As the Radius, 
Is to the Co-fine of ZP, 51 d. 50 m. 

So is the Co-fine of ® r, 20 d. 
To the Sine of 15 d. 32 m. (the Complement of Z ©.) 

And fuch Altitude the Sun Will have, at Six a Clock, (Mommg 
or Evenmg) when he is in 2^ d. oiTaurt^. 



2. Forthe Angle P Z ®, the Sun's Azimuth at Six a Qode 
by Cafe XIII. of R. A. S.T. ^ 

As the Tangent of © P (the Co-Declination) 70 d. 
Is to the Radius : 

So is the Sine ofZ P (the Co-Latitude) 3»d. 30 m. 
To the Tai^ent of 12 d. 46 m. 

Whofe Complement 77 d. 14 m. is the Angle ® Z P, the 
Sun's Azimuth from the North Part of the Meridian. 

3. For 
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3i For the A/rg/e of the Sun's FoJium^ Z © P : By O/e XI. hig. 
• of R. A. S.T. • XXVIL 

* As the Sine of €> P, 70 d. 
Isto the Sine of© Z P> 77 d. 14 m. 

So is the .Sine of Z P, 3 id. 30 m* 
To the Sineof Z ® P^ 4od. 15 m. 

Which is the Ang/^ of the Sutf s Fafition. 

P R O B. VII. 

Utnnng the \j^xSx\At^ 51^/. 30 /». the Sun^sY\zsx^ 59 ^Tau- 
rus, C^r Declination 20 d.) Given ^ as in the foregoing Problem ^ 
To faid^ 

I.' At what Hour the Sun Jhall be upon the Eaft or Weft 
Azimuth. 

2. H^^/. Altitude /fe Suit Jhall have^vohenheisupon /J^Eaft- 
^ Weft Azimuth. 

3. T&if Angle pf /&^ Suns Pofition. 

I. fy tht Coeleftial Qobe. ^ 

BRing the 2pd. of Taurus to the Meridian^ and the Index to 
1 2 of the ClocK. AWb bring the beginning of the Degrees of 
the ^adrant of Altitude to the Eaft Point of the Horizon^ and 
turn the Globe about till the 29 d. ofTaurm do touch the De- 
grees of the S^adrant (f Altitude y then (hairthe Index point at 
7 m. paft Seven \ at which time, m the Mornings wilt the Sun * 
be exactly upon the Eail Azimuth^ or Point of the Compals. 
And if you carry the ^jiadrant of Altitude to the Weft Point of 
the Horinn^ and turn the Globe abputtill 29 d. olTaurus touch 
the edge of Degrees thereof^ the Hour-Index will point at Four • 
of the Clock, and $^ m: atvfhich time^ in the Afternoon, will 
the Sun be upon the weft Azimuth or Point of the Comp3& 

In the fame manner, . 

D.M. 

Whenthe?'^^^^^^^^^" 
Sun is in2 ^ J ^^ ^ 

Then for the Sun's Altitude when he will be upon the Eajlot- 

Weft Azimuth. 
Bring 2pd. of Taurus to the Meridian^ and th^^uadrant of Al- 
titude to the Eaft or Weft Points of the Horizon: Then turn the 




t 
\ 




Wk ^Ka \ * '^ ^^ ^ "> i^s Altitude^ when ^20 ip 
Sun 
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Fig. Globe about, till the 29 d. of Toivr/s^' touch the ^adrant of AI- 
XiCX. titude^ and youfliall find it to touch at 25 d. ^^tn. of the f^^ 
drant of Altitude ; and fuch Altitude hath the &in, when be if 
upon the Eafi or Weft Azimuth. 
In like manner, 

M. D. M. 

-J its Altitude^ when 
S- £tf)? or fFf/?, wUl 

00 Tj be found, ^ -^ J^ 

IL By Trigonometrical Calculation. 

The Globe being in any of the former Vojitions^ jrou will find 
reprefented upon the Superficies of it a Spherical Triangle^ Z P €), 
fig. ( iuch as in the Figure ) Right-angled at X, which is compo- 
XXXI. &A of Z P,' an Arch of the Brafs Merutian^ equal to the Cample- 
ment of the Latitude 98 d. jo m. Z 0, an Arch of the S^ua- 
drant of Altitude : And of PS, ai^ Arch of that Meridian (or 
Uour^ircle) which cutteth the JEcIif tick in the Place the Sun is 
in. — And in this Triangle there is given (befides the Right Angle 
at Z, (i.) The Perpendicular P Z, the Complement of the 1^ 
/i^^ 38 d. 30 m. (2.) The I^otenuje P ©, thg Complement oi 
the Sun's Declination 70 d. To find, (i.) The ii;sp^Ar Z P ©, 
the Hour at which the Sun will be upon the Eaft or Weft Azimuth. 
(2.) The 5/^<? Z ©, the Complement of the Altitude he fhall then 
have : And, (3.) The il/?^/if Z © P of his ?oJition. 

The Canons for Calculation. 

I. For the Angle IL P ®, (the Hour from Noon^ that the Sua 
will be due Eafi or Weft^^ by Q/ir V. of H A 5. T. 

• As the Radius, 

Is to the Tangent of Z P, 9 1 d. 30 m« 

So is the Co tanKntof P ©, 2od. 
To the Co-fine of ZP®, 73 d. 10 m. 
Which converted into Time, is 4 h. 53 m. Whole Comple- 
. ment is 7 h. 7 m. at which Time the Sun will be due Eaftot 
Weft. ^ 



2. For 



Afironomcal Probknii^ 
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2. For the Bale Z ®, the Complement of the Sun's Altituie^ p 
when doe Eaft otWefi : By Cafe VI. of U. A. S. T. y gCf 



As the Co-fine of Z P, (the Co-l^atitude) 5 1 d. 30 m. 

To the Radius: 
So is the Co-fine of P © (the Declination) 20 d. 

To the Co-fine of Z ® (the Altitude) 2; d. 5^ m. 
And that is the Sun^s Altitude. 

3. For the Angle Z © P, of Pofition : By Cafe IV. 

As the Sine of P ®, 70 d. 

To the Radius: 
So SineZP, 38d. 30m. 

To the Sine of Z © P, 41 d. 29 m. 
Which is the Angle of Pofition. , • 

P R B. VIII. > < ^ 

77^ Latitude ^/&^Pbce, the Surfs Place in the Ecliptick (or 
his Declination) being given^ tofind^ 

1. What Altitude ^e Sunfiall have at any time of the Day^ 

2. What Azimuth he fhall then have. And^ 

3. The Surfs Angle ^Pofition. 

Let the Latimde given be %i d. 30 «r. North, the Sun^s Place 
itt the Ecliptick 29 d. (/Taurus, (and fo his Dedhiation 20 d.) 
And let the Hour be ^9</i the Morning, or 3 in the Afternoon. 

L By the Cccleftial Globe. 

BRing the 29 d. o{ Taurus to the Meridian^ and let the Hour- 
Index to 1 2 a Clock. Then turn about the Globe^ till the 
Hoar 'Index point to the given Hour, ^fuppofe 9 in the Morning, 
or 3 in the Afternoon : ) There keep tne Globe •, and laying the 
S^adrant of Altitude over the 29 d. of Taurt^s^ you (hall 
find 43 d, cut thereby^ and f\jich Altitude (hall the Sun have 
at p in the Morning, or 3 in the Afternoon. And at the fanfie 
time you will find the ^adrant of Altit^tde to cut the Ho- 
rizon in 24 d. 37 m. counted from the Eafjt or Wefl Points 
thereof^ and fuch Azimuth will the Sun hav^ at p a Clock 
in the Morning, or 3 in the Afternoon, when he is in 29 d, of 
TaifTUS. And by this Vroblem the Sun's Altitudes in any' Sign or 
Degree of the Ecliptick at all Hours may be found, as -in thefe 
followring Synopjis or Tables. 

K k A 



xxxr. 
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A Table, fiemm wbai Altitude the Sttn JbaB have 

XXXr ^^^' ^-^ ^^^ f ' '^ bcginnin£ ^ cuety of th 
' Signs cf she Zodiact 







So the Sunt 

being in tbe^Ci/rrr/ 
beginning ofc 

At thcH. 

XII. 
XL I 
X. II. 

IX. m. 

VIU. VI. 

vn. V. 

VL 

V. vn. 

IV. VIU. 



I 



^hummed Prekkms^ 



^H 



'able, jbevafig what Altitude ihe Sun fball have, he being Fie. 
m every Tenth Azimuth Jrm the Souths in the b^imtng Y^XUklr 
evtery cfthe Ttoelve Signs. 




ide Table* are of good ufe ftr the making of Cylinders^ 

Irants^ and other Inftruments, that rive the i/i^iw- and Azi- 

) bv the height of the Sun, and affo to infett the TtopidK 

other Signs of the Zotftach and Azimths into Sun-Di- 

IL By Trigonometrical Calculation, 
le Globe continuing in the fime Pofitlon you leftit, you 

dlfcover upon it an Obtigue Spherical Triangle ^ r ®y 
in the Figure) conftituted by the Interfeaions ot Z, r, rig, 
S:h of tfe Brafs Marfan, Z <S>, i Part of the ^jtadrant XXXH. 
Utitude : And of P ®, an Arch of a Mertdian, fmag 
igh the 2p d. of Taurut in the Ee/ipttck, ot Hottr-Lirc/g 

or 3 aQoclc. 

In which T;m/7^/.p there is given, r .. j\ .oa 

The Side Z P, (the Complement of the Latitude) 58 d. 

^^°"- Kk2 a. The 
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F/>. 2. The Side P © (the Complement of the Sun's Declination^ 
XXXII. or his Diftance from the Pole) 70 d. 

5. The Angle Z P ©i, (the HourCirde of p or 3 a Clock) 

45 <^' 

To find, 

i. The Side Z© (the Complement. of the ^utfs J/////;frfr.) 
a. The An^e © Z P, (the Sun's Azimuth from the North 

Part of the Meridian,) ' 
3, The Angle of Pofinon, Z©R 

The Canons for Calculation^ 

By Cafe IH. and i^afe IX. of 0. A 5. T. 

fi.) As the Sine of half the Sum of the Two given Sides, 
ZP, 38 d. 30 m. and P © 70, viz. 5+fl. 15 m. 
Is to the Sine of half the Difference of thole Sides, viz. 
15 d. 54 m. 
So is the Co-tang^nt of half the given Angie^ Z P ®, viz. 
22 d. 30 th. u 

To the Tangent of half the Difference of the. unknown. i%//x, 
at Z and ©, viz. 38 jd. 48 m. 

Then, 
(2.) As the Co-fine of half the Sum of the given Sides Z P and 
P ®, viz. 3< d. 45 m. 
Is to the Co fine of half the D/^(rr^;fc^ of thofe Sides, viz. 
74,d. 15 m. 
So is the Go tangent of half thfe given il^^/ip Z F ®, viz. mA 
30 m. 
To theTangent of half the Sum of the Two unknown Armies 
P Z © and Z © P, viz. 75 d. 4^ m,. 

Then, D. M. 

The half Sum before found is 75 4? 

The half piiFerence before found is ' 38 48 

The Sum of them is i \\ 37 

laie Di&rence of them is 37 . 01 

The onee^L to the greater ilnf/? © Z F 114:37, which is 

the Sutfs Azimuth from the Horih Part of the Meridian : From 

the South?zxt 6*y d. 23 m. and from the Eafl or Wefl 24 d. 37 m^ 

The other, equal to the lefler Angle Z © P 37 4, im. which 

is the Aitigle of the Sun^s Vofition.. 

Pito4 
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PR OB. XI. XxilL 

Tfc^ Latitude (?//6^ Place ($1 d. %om.) the Sun's Place in the; 
Ecliprick (29 d. ^Taurus ^ or 29 d. ^/North Declination) aod 
16^ Sutfjs Altitude (i7:d.) being givetis Tojind^ 
J. The Sun^s Azimuth, from the Eaft, Weft, North or South 

Foints of the Horizon:. 
2; The Hour of the Day, from Noon or Midnight. 
3. The Angle ^/ the Sun's Pofition- 

I. Bk the Cfleleftial Globe. 
I. for the Sun's Azimuth. 

TH E Globe being Reflified, ^c. and the ^adtant of Altitude 
fixed, and brought to the Horizon^ turn 2p d, of Taurus 
toward the Eaft^ if in theMorning.^^ or towards the JT^, if in 
the Evening, till it come to lye jiift under 1 2 d. of the ^adrant 
cf Altitude ^ and then note at what Degree in the Horizon the ^a- 
drant of Altitude refteth \ which will be at 1 7 d. 8 m. from the 
Eaft^ if in the Morning, or 17 d.« m. from the Weji^ if in the Af. 
ternoon, which is the Azimuth from the EoB or Weft, towards 
the North. And this Azimuth\ if reckoned by [the Points of the 
Compais upon the Horizon^ will be JF. by JV. 5 d. 35 m. North- 
ward, if in the Morning y 01 W. by A^. 5: d. 53 m. Northward, 
if in the Evening, when the$ir/r is in 2pd. of Taurt4s^ and hath 
12 d. oi Altitude. Now if you count the Degrees of the Hori- 
zon between the f^uadrant of Altitude^ and the T^orth Part of 
the Meridian^ you fliall find tliem to be 72 d. 52 m. which 
is the Azimuth from the 'North : And if you count them from ♦ 

the South Part of the Meridian^ you (hall find them to be 107 dn 
8 m. which is the Azimuth from the ^utK 

In like manner. 

The Latitude being 5' 30 

TTie Sun's Place i 00 Aquarita. 

The Surts Altitude 1 2 oa^ 

Then- will the ^/;»;^r& be found to be %6 d. from the Eaf/?. 
otWefi:^ towards the Souths, which (by the Points of t lie Corn- 
pals upon ttie Horizon) will appear to be S.E. byS. if in the 
Mornutg, or S. W. by S. if in the Evening. 

2. for . 
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j?^^ 2. for the Hour of th$ Day. 

XXXII. Bring 29 d. of Taurus to the Mgridian^ and fet the Index to 
j2 a Clock: Then, ifitbcin the Foteooon, fet the l^uuirMt 
cf Altitude on the Eajl Side of the Meridian ^ but on the Wefl 
Side, if it be in the Afternoon. And turn the Ghhe abouu till 
the 29 d. oi Taurus nieet with 12 d. of the Si^ram of Alti- 
tude •, and then {hall' the Index of the Uoar^ircle point at 5 
a Clock, and ^6 m. if it be in the Morning ^ or. at 54 m, after 
6 of the Clock, if it be at Night. And that is the true Hoar 

of the Day. 

In lUce manner, 

D. M. 
The Latitude being 51 36 

The Sun\ Place i 00 Tir«r«r. 

The Altitude 3d 00 

Then will the Hour of the Day be found to be either 9 hi the 
Morning, or 3 in the Afternoon. And which of thel& Hours it 
is, may befl be known hy aiecond Oblervation of the Altitude: 
For if the Altitude do increale, it is the Forenoon ^ but if it 
^teaeafe, it is the Afternoon. 

Agaui, 

D. M. 
The Latitude being $2 30 

The Suff% Place in the beginning of Taurue. 
The StM^t Altitude a 5 55 

The Hourof theDay would be £)und to be either 8 m. paff 4 10 
the Afternoon. Or if it were m the Forenoon, 52 m. after 7 
ijQ the Mormng. 

3. For the Angle ^ /^^ Sun's PofiticHk 

This may be found by the 2$th Element, and as is taueht in 
thePrceme be£>re this Second Part: And In this Example will 
be found to be 19 d. itf m. 

II. By Trigonometrical Calculation. 

Y^^^ The Globe tefting in the lame Tofition you left it^ when you 

XXXIII. wrought thele problems upon it, you will dilcover upon it an 

* Oblique-angled Spherical Triangle^ (lucb as in the Figure^ is noted 

with Z P : Whkh Triangie confifts of, (i .) Z P, an Arch of 

the Bra/s Meridian^ equal to the Complement of the given Lai- 

tude^ 38 d. 30 m. (2.) OfZ©, an Ardi of ibQ Quadrant cf 

Altitude 
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Ahnudcy aofiing the Ectiptkk in ap d. i^iTaurui:, where the Fti. 
Sun is 12 d. high, and is equal to the Complement of the Sun's XXXill 
Altitude 78 d. (3 ,) An Arch of a Meridian (or Mour-Grcle) 
P ©, paflTmg through 2p d. ot Tturw^^ and crcffing the ^^r^^ 
dront of Altitude in ra d, thereof, and is equal to the Comple- 
ment ox iSi^ Sun's Declination (01 hisDiftance from the ?cle) 
70 d. Sb that the Three Sides of this Triangle are Given^ and 
the Three Angles are Rehired. 

The Cenons for Calculation. 

t. For the Sun's Azimuth the Angle © Z P. By Cafe IX, 

The Side © P, the Co-declination^ is 70 00 

The Side © Z, the Co-altitude^ is 78 cx) 

The Side ZP^ t\iQ Co-latitude^ is 38 ;o 

Theh: Sif;« is 186 30 

Their half 5i/«r is Pi ^^ 

The Difference hstvioGti the half'Sz^/w, and70 d. ® P 23 1,5 , 
Being thus prepared, the Proportions are, 
(x.^ AstheBadius, Sine 90 d« 
is to the Sine of ZP (one of the Sides containing the enqui- 
ted Angle X) i^d. 30 m. 
So is the Sine of Z © (the other Side containing the enquired 
At^le Z) 78 d. 
To the Sine of 37 dt 3 1 m. 
(2.) As thisSme of 37 d. 3 1 m« 

Is to tke Sine of the bsHSSum^ ^3 d. 150^ (or 8tf d. 4.$ m.) 
So is the Sine of the Difference^ 23 d* 15 m. 

To the Sine of 40 d* 20 m« 
(3.) To this Sine of 40 d. 20 m. add the Radius, and it will b« 
2^.8 1 10^3 y the half whereof p.905 531 is the Sine of 
53 4. 34 nu Wfao^ Ccmplenient 3^ d. 26 m. douUed, 
BQOkes 72 d, 5» m. And that is the Quantity of the Angle 
® Z P : Or the Sun's Azimuth from the North Part of 
the Meridian. And that taken from 90 d. leaves 17 4 8m« 
for the Sun's Azimuth from the Eaji or Weft. And that ad- 
ded to 90 d. gives 107 d« S m« fbi the Sun% Azimuth from ^ 
ti^JSouth. 



2. For 
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Kj. 2. For the Hour, the Anilt Z P ®. By C»y<f L of 0. A- 

XXXIH« "• ^* 

As the Sine of the Side P ® (70 d.) 

Is to the Sine of the Angle © Z P, (72 d. 5:2 m.) 
So is the Sine of the Side Z ® (78 d.) 
To the Sine of the Atigle Z P $, (84 d. 7 m.) 
And that is the Hour^ counted from the North Part of die 
Meridian (v?hich in Time is 5 h. ^6 to. that is, 36 m. 
after 5 in the Mornings or 95 d. 53 m. (or 6 h. 24 m.) 
from the South. 



a. For the Ang/e Z P, the Angle of tojition. By Cafe 
I. of 0. ii S. T. 

As the Sine of tlie Side P ©, 0© d) 
Is to the Sine of the Angle Z P, (72 d. )2 m.) 

So is the Sine of Z P, (}8 d. ?o m.) 
To the Sine of the Ajigle Z P. 3P d. i6 m. 
Which is the Angle of the Suns Fofaion. 

PR OB. X. 

To find the Longitude and Latitude cfany Star. 

THE Longitude of anv Star, is an Arch of the Ediptick^ 
containol between the beginning of Aries^ and the Interfe- 
{lion of an Arch of a great Circle, which pafieth through both 
the Poles of the EcUftkk^ and alfo through the Bodjr of that 
Star. 

The Latitude of a Star is that Part of an Arch of a^eat Cir- 
cle, which pafieth tl^rough both the Poles of the Ecliptick^ and 
through the Body of the Star^ and is contamed between the 
Ediptick Line and that Star. 

L For the Longitude ® , Skrew the ^adrant of Altitude over that 
Pole of the Ediptick which is neareft totheSStizr, whofe Lon- 
gitude you feek. Then laying the l^adrant juft over ^ Centre of 
the Star, look what Degrees of the Ediptick^ are cut by the (count- 
ing them ftom the beginning of Aries) ^adraftt of Altitude^ and 
thofeDegrees are theDegrees of the Star% Longitude. So the S^a- 
drant of Altitude skrewed over the North Pole of the Ediptick^ and 
laid upon the bright Scar Capdla^\h^ ^adrant (hall cut 77 d. i ^ m. of 

the 
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'thtEclipthk Circle, counted from the beginning of -4r/Vj- and ¥ig. 
thdXisthzt SiarhLof7£itudt. XXXIIL 

AW^, That the Poles of the EcHptkk arediftant from the Poles 
of the WorH 2 3 4. d. on either fide. 

For the Latitude^ the ^adrant fitted as before, and laid over 
the Centre oiCapella^ the 5/jr (hall cut 22 d- yo ra. of the 
Quadrant of Altitude-^ and fuch is the Latitude of that Star^ 
'Norths for that it lyes on the North Side of the Ecliptick Line. 

This needs no Trigononnetrical Calculation. 

P R B. XL 
To find the Right Alcenfion and Declination of a Star. 

THE Right Afcenjion of a Star is that Arch of the Mquino- 
Qialy which is contained between the beginning of Ariesy 
and that Point which comes to the Meridian with that Star. 

The Declination oizStar is an Arch of the Meridian contain* 
ed1)etween the JEquinoffial md any Star. 

For the Right Afcenfion^ (the Globe being reSified) bring C/- 
fella to the Meridian^ and then fliall you find 7; d. 7 m. of the 
JEquinoHial contained between the beginning of Aries and the 
Meridian \ and that is the Right Afcenjion of uipella. 

For the Declination^ bring Capella to the Meridian^ fb (ball you 
find 45 d. 37 m. of the Meridian contained between the JEjuino- 
OialmA Capella ^ and that is the Declination of that Star. And 
in this manner you may find the Longitude^ Latitude^ Right 
Afcenjion^ and Declination^ of any other Sr^r upon the Cc^leftial 
Globe ^ as in this following Table of the principal' Fixed Stars 
of the firft Magnitude. you fhallfind. 

This needs no Trigonometrical Calculation. 
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Stais Names. 



ArSurm 

"Lucid a "Lyra 

Algol 

Capella 

Aldebaran 

Regulus 

Cauda Leonis 

Spica Virgin. 

Antares . 

tomdhimt 

Regel 

Svriut 

rrocgon 



Langii. 
D. M 



\\9 
^%o 

51 

77 

H5 

i<)9 
245 

7a 

99 
III 




PR OB. XIL 

To find, the Diftatice of Too Sots. 

*• T ^J^ l*^** ^'f* •* ^* ^^ *««* «rfer tfte iame i?ffr/. 

X diajt. Bring thei» mider the General (ot Brafi) 3l>r;^Ji 

«jd fee what Degrees of the Mridi^ ari co^Sbidfe 

them, for that is their Difiance. u«iwct» 

u^V^^ *{?y,.'y«. "^^ "^^ the fame JJfmVfii;?, bat have 
the fiine Diclmauoa, or lye in the iame Paralld iWn. 
one of them to the Meridiam, and fie what Demrt^ J^^iHie 
SuincOial arecut thereby: Then bring the other^^to tSf^! 
r/i/w/r, and countwhat Degt«sof the ^f «/«^^are cS^^ 
between the Mfp^an and the t)egrees fcfbre found jfc?tC 
IS the Diftance of thofe Two Stars.. * " ***** 

not m the ume raralld. Then lay the $uadramt /./ At*:.Al 
eit being loofe) to both the StJs, Md^rtf SbL nf t£ 
Quadrant contained between the tJto ^/ J/ is f iS^-Sl ^''^ 
^ if the J5.«^^«/ be too ffioVyoL m^v nfe rt?/^? 
Pofition,^or «ke thek Diftance with'a ^iTSc^ki^^^^ 
Mdm«^ their Diftance upon the JEpanoSial, S^j ^ 

ThflSi. 
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Thus^ pf^ 

The Right Shoulder of Auriga, and the Right Shoulder of xXXIff. 
Orm, being under the fame Meridian^ their Dillance will b^ 
found to be ^7 d. 38 m. 

Alfi), 

Arffuruf and the Lion's Neck^ being near in the lame Parallel, 
their Diftance wiU be found to be $7 d. 

Likewife, 

Lyra the Harp, and Marchad in the Wing of ^egafus^ will be 
£bund« to be diftant tf 3 d. 

The finding of the Diftance of Stars upon the Cof/ejiia/ Globe 
is the iame as the finding of Dlfhince of Places upon the Trr- 
rejlria/^znd confeqaently x\itTr tangles made upon the Globe are the 
mot alio X So that the Canons tor CalculaticH} for finding them 
will be theLiame alio, and needs not be here again repeated. 

PROR XUL 

To knovo vobat Stars mil be upon the Meridian at any Hour 

cf the Night. 

THE Sun being in 29 d, of Taurtis, what Stars will hie up- 
on the Meridian at 10 a Qock, and 1 2 m. at Night. Bring 
2p d. of Scorpio (which is the oppofite Sign to Taurus^ to the 
Meridian^ and fet the Index of the Hour-Circle to 1 2. Then 
turn tht Globe about Weftward till the Index point at i z m. 
after loaClcck, and there hold the Globe ^ and all thole <Sf^^ 
which l?e under the Braft Meridian are tlien upon the Meri- 
dian^ of which ArSurtss is the Chief 
This needs no Trigonometrical Calculation* 

P R O R XIV, 

To knoto fxhat Day in the Tear any Star Jball be tspon the Meri* 
didLXi at 12 a Clock at Kight. 

BRing the Star to the Meridian^ and mark what Degrec^of 
the Ecliptick is juft under the Meridian at the fame times 
Then find that D%ree of the Ecliptick in the ^orizon^ and note 
what Day of the Year ftandeth againft il for that Day of the 
Year will that Star be upon the South Part of the Meridian 
at 1 2 at Night : And when the Sun is in the oppofite Point of 

L 1 2 the 
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F/^. the Ecliptick^ the Tame Star will be upon the AV/& Part of the 
XXXIIL Meridian at 1 2 at Noon. 

P R O B. XV. 

Tf)e SwiCs Vlace^ and the Altitude oj a known Star given 5 To 
find the Hour oj the Night. 

^T^HE Sun being in 21 d. of Capricorn:^ the Altitude of the 
* X Great Dcg 14 d. I demand the Hour of theNightr 

The G/ote Refkified, &c Bring 21 d. of Capricorn \o the 
Meridian^ and the Index to 12a Qock. Then move the Globe 
and ^adrant of Altitude fb together, that the Great Dog meet 
with 14 d.. of the Quadrant v and then (hall the Index point at 
8 of the Clock, and 22 m* which is the true Hour of the Night. 

And thus, 
D. D. D-ili; 

Wherif20 tlzxAxhi^CTheBulPsEye'i9^xhR\xr^^ 7 *^ 
x\itSun<2o mS^ -d///. ^JheBuirsEye 3o>*^^?^'< ^ 2 

is in t 5 irj tudeckl^ArSurt^ 5o> iii 3 

PROB. XVL 

T&^' Altitude ij^Aldebaian C^r any other Star) being given^ in a 
known Latitude^ To find the StarV Azimuth. 

T>HE Sjtadr/int of Altitude being fixed in the Z^;?/>^ move: 
it and the Globe till the Degrees of Ahituie given do. 
meet with the Centre. of the Star;^ then (hall the end of the 
^adrant of Altitude (hew you upon the Horizon the Azimuths 
in which the Star then is. And thus, if you bring . the ^* 
drant of Altitude on the Eaft Side of the Globe^ moving it 
and the Globe both, till the Centre of Aldebaran do meet joft 
with 42 d. of the Stuadrant^ you (hall then find the kifairam. 
of Altitude to reft at 33 d. of the //c?W-sw, counted from the 
Ea^ i or at 57 d. if you count them from the South : And that 
is the Azimuth of Aldebaran when he hath 42 d. of Altitude \ 
and that is near the & E. by E. Point of the Compafs.. 



The 
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'the Latitude of the Place, f 5 1 d. 50 at,) and the Decli- xx5UII. 
nation of a Star, (ff^ptfi the Bull'/ Eye, iVldebaran ) 
ghiett: Tojf/fd 

PR OR XVIL 
J/x Ri^t Afcenfion. 

1^ H E G/obe RcCkified to the Latitudey 8Cc. Bring Aldeharah' 
. to the Meridian: Then count how manjr^ Degrees of the 
JEquinoQial are contained between the Meridian and the be* 
ginning of Aries \ which will be ^4 d. 17 m. and that is the 
BJght Jlfcenfion of ibzt Star '^ which in time (by allowing 15 d.. 
for an Hour, and" r d. i^^^ 4 m. of time) in 4 fc id m. its Right 
Afcenfion in time. 
. And in the fame manner may you find 

D. M. U. M. 

Th^ Right CArffun^y C210 13 T ri4 i 

Afcenfi-<Sprius >to\)ec 97 42>m time< d 30' 
on of C^^ J C 39 39 J C 2 38 

The lame Trigonometrical Calculation^ as for the Sun''^ Right 
Afcenfion^ as in ^roh^ III. lerves for this aUd. . - 

P R O B. xviii: 

Jts Alcenfional Difference. 
- • 

BRing the Star to the Meridian^ and the Umr-Index to 12;^ 
Then bring the 5r^ either to the fitf/f or Wefi Side of the 
Horizon^ and tbere you (hall find i h. and 27 m. contained be-r 
tween the Index ztA 6 a Clock: And. fuch is the Afcenfional 
Ibifference of Aldebaran. 

In like manner you may find 

D- M. H. m:- 

The Afcen- (ArffuPMl' r 28 407 Ci 59^ 
Jional Dif <Syrit/s ^tobe^ii 28>or in time<i 26 
ference of ^AJgal o-^ c- ■ *^' ^ 

Algol his Declination being nx)re than the Complement of the 
Laititude^ never rifes nor fets, but is always a))ove the 1/t^/- 

The fame Trigonometrical Calculation, as for the Sun. 

P R> B*" 
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^3§&IL PROB. XIX. 

hs Amplkode. 

BRing Aldebaran to the Horizon on either Side of the Gfobe^ 
and you (hall find it to touch the Horizon at 25 d. 56 m. 
from the Eaft or Weft Northward \ which is the Amplitude of 
the BulFs Eye rifing or fetting. And according to the Points 
of the Compals it rilctb L N. E 2d. 26 m. Nordierlf, and 
fets W. N. W. 2 d. 26 m. Northerly. , 

And thus may you find . D. M. 

c ArUurm n Ri(eth froni r Northward 55 6 
Vci^x^Syrius V the £^ or < Southward 2^ 41 
^ Algol J IfVy? cNever riles or lets. 

The fame TrigoncxBetrical Calculation as for the Sun. 

P R O B. XX. 

The Semidiurnal Arch, mi the time that Aldebaran (or any other 
Scar) continues above the Horizon. 

BRu^ the Aldebaran to the Meridian^ and fet the Hour-Cir- 
cle to 12. Then turn the Globe Weft ward, till Aldebaran 
touch the Horizon y then (hall the Hour-Index point at 7 b. 
27 nt And ib long time is Aldebaran above the Horizon^ 
before he comes to the Meridian^ and continues fo many 
Hours and Minutes above the Horizon^ after he hath paft tbe 
Meridian^ and lets in the Weft. .And thofe 7 h. and 27 m. is the 
Semidiurnal Arch of that Star*^ which douoIaL is 14 h. 54. m. 
ijid fo long doth that Star continue above the tiarizon after tbe 
tune of his rifing. 

And in this manner you find 

D. M. H. AL 

The Semi' cArffurus J #• 7 -55^ And his Comi-(i5 56 

diurnal ^Syrius Cto be^ 4 34 C nuance abo^e^ 9 8 

AxchoS lAJgol 5 ^12 ooS the Horizon CH ^ 

Tbe fanie Trigonomettical Calculation jis for the Sun. 
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PROR xxt. xx^n. 

At vAai Ihur (mty time of *tb^ Tear) AldebaraA c^m^s to the 
Meridian^ . . 

LET the time be the Firft of ^aauaty^ at which time the Sun 
is in 2a d. of Capricorn. Bring as d. of Capricorn to the 
Meridian^ and fet the Hour Index to i a. Then cum the G/od& 
about till Aldebaran be under the Meridian^ add then you ffaall 
find the Index Jo point at 42 m. after 8' of. the Clock, at which 
^ime Aldebaran will be upon the Meridian thai Night. 
In like manner you may find that U. M. 

r OSober t%l ArSurus \ will be upon ^11 ro 
Upon < January ii^Syrius ^ i\kpM.eridi'> 9 33. 
L January i^ Algol ^ an zi O 7 ix 

The lame Trigonometrical Calculation as for the Sun. 

P R OB. XXIL 

Jk what Hour (at arry time cfthe Tear) Aldebaran (or efiy other' 
Star) rifeth or fitteth. 

Y E T the time be Jmuary r. By the laft befoit-going, you^' 
JLy found that Aldebaran cztM to tht Meridian at &b. 42 m. 
And by the laft but one you found his Semidiurnal Arch to be 
7 h. 27 ni. This being taken fi:om 8 h» 42 m. the time of his 
being oouth^ leaveth 1 h. i ; m. .the time of its fifing v lb that 
upon theFiiftof/ii^/i^tfry Aldebaran did rife at 15 m-^ after i- 
in the Afternoon. Again^ if you add his Semidiurnal 7 L 27 tn. 
to the time of its being South 8 h. 42 m. the Sum will be itf^ 
iu ^ttL from which take i a h. and the Remauider will be 4 b. 
9nu So that Aldebaran did let at 9 m. after 4 of the Clock the: 

next Mornings 

And in like manner yon may find that 

U.M. - H.M.- 
mClhber ^^Arffurus-f rj 8 

Vipon\j^tiuary ii^Syrii^ >Rifesat^5 3 
C January i^ Algol J i— . 

Algol nevef Rifes nor Sets. 
iaiBetTtig^nomecrical Calculation as for the Sutt. 

t R Om 
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« 

xx«lL * PROB. XXIII. 

At what Horary Dijlaftce from the Kleridiao, Aldebaran wt7/ie due 
Eaji orWeJt : And what Altitude he (hall then have. 

BRiHg Aldeharart to the Meridian^ and the Hour-TndcK to 1 2, 
and the Siuadrant of Altitude ^ to the Weft Point of the 
Horizon: Then turn the GA?^^ Eaftward^ till the Centre of the 
Star be juft under the Edge of the ^adrant ^ then (hall the 
Index point at 5 h. and 40 m. So that when Aldeharan is due 
Eafl or Weft^ he will be 5 h. 40 nx of time (hort of, or gone 
beyond, the Meridian. 

And when the Centre of Aldeharan is juft under the Edge of 
the Stjiadrant of Altitude^ you (hall find it to touch 20 d. 2 1 m. 
And foch is the Altitude of Aldeharan when he is upon the 
Eafl Qi Wefi Azimuth. 

In like manner may you find that 

H.IL D.M. 

ArffurmTwilL be upon the E^ or JVeff C 4 4P ? and his C 27 r } 
Syrim c Azimuth^ when he is di- < 5 04^il///V, -\2o ^6 
Algol " ^ ftant from the Meridian, c 3 ij 3 will be ^ 54 37 

The fame TdgoDometrlcal Calculation as for the Sua. 

PROR XXIV. 

What Altitude and Azimuth Aldeharan (or any other StarJ Jiall 
baoe^ when Six Hours dijlant from the Meridian* 

BRing Aldeharan to the Meridian^ and the Index to 1 2. Then 
turn the Globe about till the Index point at 6 *,^ then lay 
the Siuadrant of Altitude over the Centre of the Star!^ and you 
(hall find it to lye under 12 d. 18 m. of the ^adrant: XxA 
fuch^'is the Altitude oi Aldeharan. At the (ame time look what De- 
grees of the Horizon are cut by the ^adrant of Altitude^ and 
you (hall find 8 d. between it and the Eafi or Weft Points North- 
waids. And fuch is the Azimuth of Aldeharan. And according 
to this Rule you (ball find that when 

Alfit. Azim. 

D. M. a M. 

Arffuruslh 6h.d iftant from f 16 1 5? 7 tf 3 ^7 from the 
Al£ol J the Meridian his t" 38/79 43 J North. 

Syrius 
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S/riufs is never 6 h. diftant from the Meridian^ nor any other F/f. 
Star that hath &is^r& Declination. XXXIIL 

The Trigonometrical Gilculation as for the Sun. 

P R O B|. XXV. 

To find tohat Altitude and Azimuth any Star hath nben he h at 
any horary Diftance from the Meridian. 

TH I S is no other than the lafl-. For having brought the 5/^ 
to the Meridian^ and the Index tp 1 2, niove the Globe till it 
come to the deiigned Hour. Then the ^adrant of Altitude being 
laid over the Star^ (hall at the fame time ihew you both the 
Altitude and Azimuth thereof as belpre. This needeth no 
Example. 
The lame Trigonometrical Gdculation as for the Sun. 

P R B. XXVI. 

Having the Azimuth of a Star, to find at what Horary Diftance 
that Star // from the Meridian, and what Altitude that Star 
then hath. 

BRing the Star to the Meridian^ the In{kx to 1 2, and the i^ua- 
drant of Altitude to the Given Azimuth ^ then turn the 
Globe about till the Centre of the Star lye juft under the ^a- 
drant of Altitude ^ the Index at that time (hall give the Uorat;^ 
Diftance^ and Stuadrant the Altitude of the Star. 

Example. Aldebaran being leen upon 80 d. of Azimuth &QVCi 
the North ^Weftward, that is, near upon the W. by N. Point of 
the Compafs^ the Star, brought to the Meridian^ ^oA th^ Quadrant 
cf Altitude to 80 d. and the Hour-Index to 12. If you bring 
the Star to the Quadrant of Altitude^ you (hall find the Index to 
point at 6h. which is the Starts Horary Diftance^ from the Mm- 
dian. And. the ^adrant cf Altitude, will (hew 12 d. 18 m. the 
Mtitude of AJdeburan at that thne;: 

Thele Twelve laft Troblems may be relolved by Trigonometri- 
cal Calculation in allRefpeas as thole of the Sun^ if (in all 
of them) inftead of the Word GSW] there, read LStar'] here. 
And the Canons for Calculation will be the lame ii} both. 

Mm P R B, 
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xl^ PROB. xxvn. 

The Longitude and Latitude^ j Star, tohich. is Jituate out of the 
EcUptick, being given 5 To find the Right Afcenjion and De- 
clination of that Star. 

HE R E is given the Situation of the Star^ in refpe£l to the 
EcUptick^ altho' its Situation be out of t|ie Ecltptkk^ and- 
his Place, in refpefl of th^ JEquinoSial^ is lequiied 

I. By the Coeleftial Globe. 

Screw' the S^adrant of Altitude over the Pole of the Ec/ipticl^ 
and lay it to the Degree of the Star's Longitude in the Ecliptick* 
—Then count the Star's Latitude given upon the Quadrant of 
Altitude : And obferve what Meridian pafleth through that 
Point : For the Degrees of that Meridian^ comprehended be- 
tween that Point, and the Pole of the World, are the Degrees 
of the Stars Declination : And the lame Meridian continued, 
win crofi the JEquinoSial Circle in the Eoint of the Star's 
Bight Afcenjion. 

ML By Trigonometrical Calculation. ^ 
Ef^ When the Longitude of the Sun falls to 1)e in any S%q 

PF S, for the Latitude of the given Star if it be ^ SomLl 

the which the Letters b and m written within them will deter- 
mine* In which Triangle there is 

^i . The Side P F, tha Diftance of the Pole of the JE^- 
tor from the Pole of the EcUptick^ 23 d. 30. m. 

2. The Angle F, whofe Mealure is the Arch of the 
p. j EcUptick^ intercepted between the &ies F P and 
Miven, ^ p g^ j^^jjj whom the Longitude of the Star is pro- 
duced, and the Solftitial Pomt fimivl out. 

9. The Side F S, the CompleiiiieDt. ofltfie %v9eaStar's 

, Latitude^ 



RequUed^ 
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I. The Side P S, the Complement of the Star's Eg. 

Declination. XXXIV, 

^2. The Angle P, which the Ark of the JEquator^yCiN. 
Required, ^ intercepted between the Sides P F and P S •, of 

which, this Right Afcenfion of the Star is made, 
whither from the Degree of the Ecliptic k 270, 
or po d 

Example. Let there be given the Head of Andromeia^ which 
IS a Star of the Second Magnitude- whole Longitude is in 9 d. 
3S m. T^ and Latitude 25 d. 42 m. ^. The Longitude of the 
Star &lls out to be in an Amending Sign Aries ^^ therefore, 
make choice of the Triangle P F S, Fig. XXXV. the Latitude 
being North, in which there is given, (i.) PF, theDiftanceof 
the role of the JEquator from the Pole of the EcUpViek, 23 d. 
30 m. (2.) The Angle F, which the Ark of the Ecliptick in- 
^iercepted between the Sidf s F P and F S, being produced, mea- 
lureth, and gives the Longitude of the 5/ar tobe 9 A. 38 m; 
r, lb that the Solfticial roint s is neareft •, fubftraO: there- 
fore 9 d. 3% m, T from 90 d. the beginning of «, the Remain- 
der will be Sod. 22m. which is the Angle at F. (3.) F S, 
the Complement of the Latitude of the given Star^ ^4 d. 18 m, 
— And let there be fought, (i.) P S, the Complement of the 
Declination 62 d. 45"m. therefore the Declination of the Star 
is 27 d. 15 m. (2.) The Angle P, 87 d. 47 m. Which added 
to 270 d. makes the Right A^cenjion of x}x^ Star to be 357 d. 

47 "1. 

The Canons for Calculation. 

1. For the Angles S and P. . 

(t.) As the Sine of half the Sum of the Sidfes SF and F P, 

43 d. 54 ^« ~ 
Is to the^Sine of half the Difference of thole Sides, 20 d« 

24 m- . • 

So is the Co tangent of half the Angle ft F, 40 d. 11 m; 

To the Tangent of half the Difference of the Angles at S and 

P, 30 d. 46 m. 

(2.) As the Co-fine of half the Sum of the Sides F S and FP, 

4d d« 6 hi. 

Is to the Co-fine of half the Difference of thole Two Sides, 

39 d. 36 m. 

M ta 2 So 
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p. So is the Q)-tangent of half the Angle at F, 40 d. iim. 
VY^TV To the Tangent of half the Sum of the Angles at S and P, 

vv YV 57 "■ ' ^' 

jvAAv. Which 57 d. I m. added to the aforefound Difierence, gives 

87 di 47 m. for the greater. Angle at P •, and 30 d. 46 m. 

the Difference aforefound fubftra£ted from ;;7 d. i m. 

leaves 26 A. 15 m. for the lefTer Angle at S. 

. Then, 

(3.) As the Sine of the Angle at S, 26 d. 15 m. 

Is to the Sine of the Side F P, a } d, 30 m. 

So is the Sine df the Angle at F, 80 d. 22 ro. 

To the Sine of the Side S P, 62 d. 45 m. 

Whofe Complement, 27 d- 15 ro» is the^f^rV DecKnatioM. 

p,ROB. xxvm. 

The Declination and Right Afcenfion of a Star heufuwen : To 
find the Longitude and Latitude ^ that Sor. 

THIS is the Converfe of the former Vroblem^ and maf be 
leiblvcd as^ followeth. 

L ^ the Cccleftial Globe. 

Screw the ^adrant of Altitude over the Pole of the Eclip- 
tick : Then count upon the JE^uinoSial Circle the Degrees of 
Eight Afcenfion-^ apd upon that Meridian which pafles through 
that Point, count the Star's DecRnati&n from the JEquinoffid^ 
towards theP^/^ and to that Point bring the ^adrant- of Al- 
titude;, then will the ^adrant cut the Ecliptick in the De- 
grees of the ^tar^s Longitude 5 and the Degrees of the ^a- 
drant^ comprebei^ed between the Ecliptick Circle and its Tole^ 
will give the Degrees of the Star'^s Latitude. 

n. By Trigonometrical Calculation. 

When the ^ght Afcen^on. of the Star falls out to be in the 
iSffi or fourth ^uadra/tt of the MquinoSidx, as in F^, XXXIV. 
or in the Second or Third: As in ¥tg. XXXV. make ufcof 
the Triangle P F S for the Star^^ IkcHnation North or South. 
In which there is 

6ive% 
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"f . P F, the Diftance of the Pole of the Ec/iptrcA from Fig. 
the Pole of the War/d^ 23 d. 30 m. XXXIV. 

2. P S, the Complement of the Stars Dec/inath^^XXyiV. 
6\ d. 13 m. 

3. The Angle P, whofe Meafure is the Arch of the JE- 
quator ]ntercq;>ted between the Sides P F and P S, 
87 d. 47 m. from whence the Right Afcenjiori of the 

\ Star is produced, and will be found to be 9 5 7 d. 47 m. 

1. The Angle F, whoie Meafure is the Arch of the 
Ecliptick intercepted between the Sides F P and 

Require, ^ F S, ftom whence the Longitude of the Star from 

the next Solfiitial Point is found. 

2. F S; the Complement of the Stars Latitu^. 

The Canons for Calculation. 

(i.) As the Sine of half the Sum of the givea SMes P F and P S^ 
43 d. 8 m. 

Is to the Sine of half the Difference of thole Sides, ip d. 37 m« 
So is the Cotangent of half the ^iven Angle F, 43 d. 54 m. 
To the Tangent of half the Difference of the An^ at F and S, 
viz. 27 d. 3 m. . 

(2.) As the Co-fine of half the Sum of the Sides F Sand F P, , 
43 d. 8 m. 
Is to the Co fine of half the Difibence of thole Sldes^ ip d. 
37 m. 
So is the Co-tangent of half the given Angle at F 43 d. 54 m. . 
To the Tangent of half the Sum of the Angles at F and S 5 
viz. 53 d. 18 m. 

The half Difference before found 27 d. 3 m« added to the 
half Sum now found, gives 80 d. 21 m. ibr the Angle at 
F, the Complement of the Star's Longitude. And fub- 
flra&ed from the half Sum 53 d. 18 at leaves 26 d.. 
1 5 m. for the Angle at S. 

Then fay, 
(3.) As the Sine of the Angle atF, 80 d. 21 m. 

Is to the Sine of the Side S P, 62 d. 45 m. 
So is the Sine of the Angle arP, 87 d. 47 m. 
To the Sine of the Side S F, 64 d. 18 m. 
' Whofe Complement 25 d, 42 m. is the Star'^s Latitude. 
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Ancilla Mathematka. 



P R O B. XXIX, 



Ti!^^ Latitude of a Place, (or Elevation cf the foXfi) andTyxVita' 
tion of rfc^Sun, or of a^xzx^ being given :' To find the Mem- 
fional Difference of that Star : And from thence^ (the Hight 
AfcenfioD oj the fame Star being known) to find its Oblique 
Afcenfion : The Semidiurnal Arkj the Continuance of it above 
and below /frr Horizon: Its Ortive and Occafive Amplitude: 
And the Oriental Angle, viz, that of the Point of the Eclip- 

tick. 

I. By the Cecleftial Globe. 

py*^ npHE Globe being reftificd to the Latitude^ and the Place 
XXxVl a ^^ ^he Sun brought to the Meridian j and the ^adrant 
of Altitude fctevi'd to the Zenhh^^ and brought to the Eafi or 
Weft Points of the Horizon ^ the ftveral Arches and Angles 
made by the Pofitfons and Interledions of theft Circles b^nog 
meafured oc counted upon the Glcbe^ will refdve the feyeral 
Demands : But with ibme additional Works ^ which I faei^ 
omit. Wherefore, 

11. By Trigonometrical Calculation. 

Hew the Situation of a Star \i given, in refpe£l of the J£r 
quinoSials and Enquiry is made where its Place (hould be, in re- 
q)ea of an Oblique Horizon given. 

The Qlcie continuing in the lame Pofition as when you 
wrought the Problem upon it, vou will find conftitutei upon 
it Tew Spherical Triangles \ ^ fuch as in the Bgure are noted 
with R Or S^ for the Declination of the Star Northern or Sou- 
tbem. In either of which Triangles^ there is (befides tte ttight 
Angle at R) 

C I. The Angle Or^ which is the Angle made by the JE- 
n*^ J ^M/^r and th^ Horizon of London^ 38 d^ 30 nt 
Ui«n, ^^ j^^ Perpendicular R S, the Star't Declination 

Noitb. 



And 



Aftrtmmical Frbhlems. 



And there is 
Required^ 
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"k Or R, ^t Afcenfional 'Differences which, when ' Fv- 
a ^tar declineth towards XXXVI. 

rSubflrail the Deci. from the R. 

AJcenJion^ it gives the OW. 

Jucenfion. 

K rrr . J D 7 I Add the Decl. to the R. 4A^^- 
An B/m/^i P^/^:< ^^^^ 1^ gi^^s the Ob/. De^ 

fcenjion. 
Add 90 d. it gives the Semtdl 
urnal Ark. 

'Add the DecL to the R. 4/?^;»- 
fion^ it gives the 0^/.\4/i'^/r- 

A»^. iTjryuj Subftra£k the Dec/, from the R. 
A DepreJJed Fo/e,^ Afcenfton, it gives the OW. 

Subftraa po d. it gives the 
^ Semidiurnal Ark. 

The Semidiurnal Arkhcing turned intolfo/^rx, 
gives half the Time of the 5rjrj Continu- 
ance above the Horizon : Whole Comple- 
ment to 12 Hours is its Semi noif urnal 
Ark. or half his Continuance below Uie 
Horizon.^ ■.->'- 

1. OrS, the Amplitude^ of the Sfar^ at hisRi- 
Jing or Setting^ having either North or Sw/&' 
Declination* 

"Afcending^ from the 
il;??/^ of the JB^///* 
3. The Angle tick and Meridian^ 
S •, which 



Subfiraaed" 
in 5i^w, 



Defcending^ from the. 
Com0ement of the 
il/jg/r of the Eclip- 
tick\ adding 180 d. ^ 



Gives the 
Oriental 

le 



EXAMPLE I. Let there be given an Elevation, of the Tole 
(at at Condon) jW. 50 «r. And thr Sun's Decltnattonr 
ad» 50 18. South. 



^^540 AncHU Mathemdika^ 

fig. InAtTriMg/e ROrS, (the Declination hdng Southward) 

XXXVI. there is given, (befides the Right Angle atR,) (i.) Th^ Angle 

R Or S, the Complement of th« given Latitude^ 38 d. 30 m. 

(2.) The Side R S, the Declination of the 5^;/, i d. 2 m. by 

which may be found, 

(i.) The Side Or R, the AJcenfional Difference^ 1 d. 2 m. 
Which, when the Sun declines (as here) towards die Defreffed 
Tole^ fc^ing added to the Right Afcenfion before found to be 2158 
d, 3 m. gives the Oblique Defcenfion^ to be 359 d. 7 m. But 
being taken from the laid Right j^'cenfion^ 358d. 3 m. gives 
the Oblique Dejcenjion tobe35tfd. 59 m. And being 
taken likewife from qo d. gives 88 d. 56 m. for tbe<SriB»i- 
diumal Ark : Which being turned into Time^ gives 5 b. 55 m. 
for the half continuance of the Sun above the aorizon^ whole 
Complement to 12 h. is 6 h« 5 ns the half cominuaoceof the Sob 
below the Horizon : But double the continuance- of the Sun 
above the Horizon^ the Length of the Day will be 1 1 L 50 m. 
And double the continuance below, and the Length of xhQ Night 
will be 12 b. lom. 

(2.) The Side Or S. the Ortive Amplitude of the Sun^ i d. 20 m. 

(3.) The Angle R S Or^ 51 d. 30 m. the given Latitude. 

W hich being fubftraded (becaufe, in this Exam^e^ the Sign is 
AJcending^ viz. K) from the Angle of the Eclipttck and uMm- 
dian^ before found, to be 65 d. 31 m. gives 15 d, i m. for the 
Oriental Angle of the Toint of the Eclipttck. 

This Example was of the 5«^, I will here give another Exam- 
file of a Fi^ed Star, viz. The Head of jSiAromeda. 

. EXAMPLE II. TJb^ Declination cf the Head ^ Andromeda 
is-irj i. 1 5 «. reprefented fy the Side R S. 

. Tlie Complement of the given Latitude is 38 d. 30 m. leure- 
ftnted by the Arigle R Or S. *^ 

'• Theft beii^ givenj we are to find, 

1. TfeeS/is R Or, the Stars Ajcenfiond difference, 

2. ThevSafe Or S, the Amplitude, of the Star. 

3. Thei%ZeatS. 

IIL The Canons for Odculation, 
I. Fotthe5iifc ROr, by Qife VIL ofl^ut $. T. 
As the Radius, 
Is to the Tangent of R S, the Stafs 'Declination^ 27 d. 1 5 m. 

So 



^ 



j/yhoaomicai f^rc^^si a^' 

So is the Co-taragent of the At^le^Or^ 38 d. 36 in. fig. 

To the Sine of the Side R Or. the Star's Afcenftonal Diffe- XXXVf. 
rence^ 40 d. 21 on. 

2. For the Side Or S. By Cafe IX. (Jf R. A S. T. 

As the Sine of the Angle R Or S, jB d, jo m. 

Is rathe Radius; 
So is the Sine of the Side R S, styd. 15 m. 

To the Sine of the Side.S R, (the Scar's Amplitude at his 5/- 

Jf>7^) 47 d. 32.01.. 

3. For the A7t£k R S Or, By Ctf> VHL <sf R. A.S. t. 

'As the Co-fine of the Side RS, 27 d. 15 m. 

To the Radius : - 
So is the Sine of the Angle R Or S, ^38 d. 30 m. 

To the Sine of the Artgic R S Or, di d. 41 m. 
By which the Oriefital At^le may be found, D. M, 

The Right Afcenjian of Andromedds Head was found? ,^^ 

by (Pr. 27.) to be S ^^^ ^'^ 

And his Dec/mat W12 given North 27 15 

His Afcenjional D'^erence (by the (k) hereof) is? , 

found to be 5'4 21 

Whith fuhftrafted ftom the Star's night Afc^nfion^l ^^ , 

gives the Oblique Afcenjion to be 3 

And the Declinatien added to the Right Afcenjion y\ g ^g ^ 

gives J ' 

From ^hich fubllraQ: the whole Qrcle 3*d oo> 

There will remain • for the Oblique Defcenjion 3 8 o3 

To which add 90 00 

And it gives the Semdiurnal Arch to be 128 08 ' 

H. M. 
Which tamed intoTime, is 832' 

Which doubled, is 17 04 

And fo long the Star continues above the Horizon of London. . 
Arid that fubftrafted from 24 h. leaves 6 h. %6 m. for the Star's > 

continuance below the Horizon of London^ 
By the (2.) hereof, the Amplitude of the Star's Rifing? 
from the Eaft Northward, is found to be - S 

And by the (3.) hereof, the Angle zi^^ 61 ' 41 - 

Which 5 Subftrafted in Sig^ ^ ;^. ^f; 

vYnicn -^ Added m Signs Defcendmg, to 5 
the Ecliptick and Meridian^ gives the Oriental Angle. 

P R 0-R> 



V**. 



t4ft 



AncHtd Matbemattea, 



% PROB. XXX. 

XXXVL 

The Decimation of the Sun, and the Leqgth of a Day beiftg gi- 
ve^y to find the Latitude or Height of the Pole. 

L fi>p /2v Caleftial Globe. 

BRing the So/ftiiial Colure to the Mrr/V/ j;7, and count the SiMf*^ 
Declination upon it, whti Korth ox Souths (liippoie 23 d. 
30 m. North) then let the Sun^s Declination be 2 j d. 30 m. 
Korth^ and the Length of the Day i5 b. 76txu 

Bring the JEqfiinoOial Colure to the Meridian^ and upon it 
count 23 d. 30 m. Norths and there fix the Body of the Globe. 
Then, upon the Parallel of 23 d. 30 m. of Declination^ count 
8 h. 13 m« the half Length of the Day, and there make a Mark. 
Then move the Brafs Meridian up and down in the Franae, till 
the Mark you made do juftly touch the Horizons for then, 
the Degrees of the Brafs Meridian^ comprehended betvireen the 
Horizon and the F^/f, will be the Latitude fought, viz. 3 1 d. 

30m. 

IL By Trigonometrical Calculation. 

This being (in eSeft) but the Converfe of the foregoing Pro- 
blem^ the Spherical Triangle will be the fame upon the Globe 
as in that ^ namely. The Triangle KOr S: In which there is 
given, (befides the Right Angle at R) (i.) The Side RS, the 
Sun^s Declination^ 23 d. 30 m. North. (2,) The Side R Or, 
^ the Afcenjional Difference^ which the Sun hath when theLei^h 
of a Day given is either Greater or Lefs than 12 Hours. 

1. Let the Sun's Declination be 23 d. 3001, 

2. The longeft Day at London^ i6h. 26 au* 

3. The Afcenjional Difference^ 2 h. 13 m. which is lialf the 
Time by which the longeft Day exceeds 12 h. viz. 4 h. 
26 m. the half whereof^ 2h. 13 m. turned into D^rees, 
is 33 d. 52 m. 

Ill The Canons for Calculation. By Cafe XllL of R. A.S. T. 

As the Tangent of the Side R S, (the Sun^s Declination given) 
23 (J. 30 m. 
Is to the Radius : 
So is the Sine of the Side R Or, (the Afcenjional Difference) 3 3 d. 
^ " 10 m. 

TotheTangent of 5id. 30 m. the Latitude fought. Wbofe 
Complement, 38d. 30 m. is the Angle R, Or J>. This 
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This Pr(?W(f« is of good ufc in Gedgrapiy^ where the Length R>. . 
of the hongeft Day^ of every Qimif is given, to find what XXXVI. 



Elevation of the TcoU anfWers thereunto. 

P R B. XXXL 

^ - . , 

The Latitude ^ 4 Place, or Elevationjf theYoXe^ and theQ\Xx({w 
Afcenfion if a Star being. given: 10 find the Cofmical, Achro- 
nical tf;;^ Heliacal Riling of that Stan 

TH E Cofmical Rifing Of Setting of a Star^ is that vdsich 
happens in tlie Morning ^ but the Achronical in the Evening-^ 
the one commencing at the Sun^$ ^fitfg^ the 'other at his Set^ 
ting. The Heliacal Rifing is, when a Star begins to get ^m 
tinder tht Sun Beams ^^ the 5^m/7/,. when it begins to go under 

them. 

But f<K the better leebg of the Stars^ there muft be a certain 
Depreffion of the Sun below the Horizon^ which is called The 
Arch ofVifion ^ fer the Liriit of a Star is Greater or L^. In 
Ftolony\ Opmion, Venus mould have an Jr^ft of 5 Degrees, tho* 
it is vinble «ven m the Day-time^ at a very great Diflance. 

D. M. 
Jupiter and Mercury f i o co 

Saturn < 1 1 €0 

JAart t" 30 

Firft ^ fl^ 00 

Second i L13 00 

The Fixed Stars J J5l!r?h { M.m.ir,v^^ )lJ ^ 
of the 1 ?f""^ > Mag«^^«lc < 5 00 

riitn y J 16 00 

Sixth \ /17 00 

Nubiius ^ V18 00 

But m this and the following Vreblem^ the Situation of a Star\% 
;iven in refpeft of the fforZ-^iw ind JEquator together^ and his 
Situation is (ought for in relpeflt of the Surf% being in^ or near, 
the Horizon^ and in the Ecliptick. 

When therefore the (Fijft ■) (Fig^XXXVIL 

0%ir^ul/r^;i/?^ff JSecondCOpadrant of thejFig.XXXVlIL 
of a Star fills m )Third r Ecliptick, as in )Fig. XXXIX. 
the (Fourth J - (Fie. XL 



V 



O J. jB* 



a^44 JkeiSd Mdtbematic^ 

^ Jlyjj^, \.B,thc Calcftial Globe. 

xxxviir.* 1. For tht Ca/mical Rijin^ and Setting. 
XXXIX. Reftifie the Globe to your Latitude, and bring the Place of the 
XU Sun (fuppofe II d. of ») "to the Ecfi Part of the Horizon: Then 
look what Stars are about the Verge of the Eaftern SemktrcU of 
the Horizon \ for all thofe Stars do at that tiaie Rife Cofmicalfy. 
And thofc Stars which touch, or are near the Rim of the Weft 
Semicircle of the Horizon^ do Set ajU that time Cofmically. So 
ihall you find 

'Aldeharan ox\ r The Right leg 

\ ^^Ba/PsEyeJ-n.,^^^ \ of Serpent ari-fo^n^ ^r 
May^j. J with divers>^38t J «f, aqd feveral >*^V«,f 2^- 

^ otheFrmallerC ^ ) other fmaller^ *'^^^- 

Sfars^ J C Stars^ 

2. For the Acronical Bi/ini and Settings 
ReStiSe the Globe to tht Latitude^ bripgiog the Place of the 
Sun^ fuppore 5 d. of Scorpio to the Weft Part of the Horizony 
then fhall all thofe Stars which you fee oo the Verge. of the Eail 
Sideof the/£)r/^^/r, beRifin^ Acronically, And all thpie that 
are about the Verge of the Weftern Part' of the Horizon^ are then 
Setting A^ronically. And fo upon the forementioued Tiooe, yoa 

A Star In the"^ rThe Xx/Zof the 



Whale's Taily ( p . -; \ LionAhQ South # Co«^'«*» 
other fnoalA ) feveral other 



Sigyrr.J and feveral >*^""S)y Ballance, and>X""« , 
1 other fmalA '^^ ) feveral 'othc^C^'^^^^^'^* 
kr 5fiir/ J (^ fmaller Stars 

3. ^oi xhQ Heliacal Vlijing zxii Setting. 

Redifie the Globe to the Latitude^ and the Siuadrant of Alti- 
tude in the Zenith y then bring the given ^/^^r (fuppofe R^^i^ 
Ims^ or the L/Ws Heart} to the E^ 5/^i? of the Jlorizon^ and 
the ^adhnt of Altitude to the W^i?/? 5/^^ ^ then Regulm being a 
S/ar of the F/r/? Magnitude (by the Rule of the Ancients) may be 
feen when the Sun is but 1 2 d. below the Horizon ^ wherefore, 
fee what Degree of the Eclitnick doth cut the f^adrant of Alti- 
tude in 1 2 d. which you will find to be p d. oiPifces ^ the bpocK 
fite Degree to which is 9 d. of Virgo. To which Sign and De- 
gree, when the Sun cometh (which will be about the 23 th of il«- 
gufh) then will ReguU^^ or the L/^at's Hearty Rife Ueliacalfy. 

The&, 



jiftmrnii 
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Then, for his Heliacal Setting^ bring the Star to the Wtft Side fig. 
of the Horizon^ and turn t;he ^adr^tnt of Altituie to the Eofi XXXVit 
Side^ and fee what Degree iof the Ecliptick is elevated upon the ^^}^* 
^adrant^ a& the Magmtudt -of the Star you are to deal wirh v l ^ 
doth require For when tle.5i//r comes to the oppofite Degree 
of the Eclifticky that Star Ihall Set Heliacally.. So, 

r Pleiades ^(halj Ri/erjufie^. ^And Sets r April 20. 
The < Aidebaran v HHiacal- <.June 26. > HeUacal- -} ilpr// 22. 
lArQurus J ^uponi l5<?/^ 26.) ^ upon iNovem.lp, 

And fo for others, as in the following Table. 

'ATableJhewitfgtke Time of the Tear xxhen %0 Eminent fixed 
' Stars jbRifCy both G>Jmcally and Achrpnically. 



Names sf the Stars. 



March ah. Frg^J^ • . 

Right Shoulder <X Aqumm 
Eaftream Stat in the Wing ^Pegt 
FciUowing Tail of the Goat 
Bright Star in « tke Ram's Hted 
The foUowhiK Horn of theRam 
The foimer Horn of the Ram 
North TaU of the Whale . 
Brighteft of the Pleiades 
The Knot in theNet of Pj/i:rx 
Nor A Horn of the Bull 
A^^^ Eye of the Bull 
In the Belly of the Whale 
The BuffS^e, AJdebarah 
North Qorn of the BiA ^ 
Lower Head of Gemini 
Bright Foot of Gemini 
MiddkStat In Oriotfs Qir^e! 
North Affelltfs 
frefepe 
South AJfellus 
LeflerDog, Porcyon 
Great Dog, Palilicium 
Lion's Heart 



Cofiiut^ J Anh^onical 



Rijitrg. 



January i 
6 

28 
february 5 



March 
April 



May 



2 

5 
10 

12" 
2£ 

1; 



Wm- 



March 
Fcbr. 



9 
H 

20 
15 

March 19 



'Afril 



A 



1 



^Me 



\^» ji 



Jttly 



Auguft 



May 
April 

\Junr 

20 1 K<y, ' 
2j March 
i-j \ May 
' 5 - June 

%S: June , 
%\M4 

nXjHiy. 
HI 

18 

30 

8 



June 

May 

Ajuguji 



O 



fames 



M 



24^ 

%. 

XXXVII. 
XXXVIIf. 

XXXIX. 

Xi. 



AnciHa Mathematica, 



Names of the Stars. 



Lion's Back 

tfydra's Heart 

Lion's Tail 

Hare'sThigh 

V'wdemlatrix 

ArQurus 

Virgin's Girdle 

Bright Star of the Crown 

Virgin's Spike 

Right Shoulder of Hercules 

Left Shoulder of Hercules 

Had of Hercu/es 

North Ballancfe 

South Ballance 

Swan's Bill 

Right Shoulder ofOpbiusMS 

Len Knee of Opbiucus 

Lower Wing of the Swan 

Vulture's Tail . 

Right Knee of Opbiucus 

Scorpion^ Heart 

The Eagle 

Vegajtis Scheat 

Andro$ueia\Gixd\^ 
. Andromeii^ Heaa 
r Upp^r Horn of the Goat 



Cqfiuical 
Ri%. 



> «M 



u 



Auguji lo 

20 
22 

Septfm. 9 

15 
IP 

Offcb, 3 

6 

. lo 

21 

23 

6 

4 
II 

16 

22 
25. 

Decern. 11 
• 22 

25 

25 



Ach^onica^ 


Ri/i^£. 




OHob. 


t9 


June 


16 


oaob. 


X6 


April 
Jsov.. 


«4 
8 


Decern. 


13 


oaok. 


18 


Jau. 


7 


Sept. 


«4 


Jaft* 


9 



21 i 

8 
Alwi 17 
0/?o^. 24 

Decern, 6 
March ir 
M 27I 

Novem. 4 
Decern. 3 1 
March 24 

J4». 14 



IL B)? Trigonometrical Calculation. 

The iMituie^tHljindon is 51 d. 30 m. 

The Oblique AJcenfim of the Head of Andromeda is 3 17 d. 26x0. 
and therefore in the Fourth j^uadrattt of the EclipticL Where- 
fore in the Oblique' atigled Spherical Triangles T Or. k^ ox 
frOr.A. V 



I 

y 



b> 
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-|. The Angle at T or ^^ (the gteateft tyeclination of R^. 
the Sun^ or Ob/iquitv of the Ec/ifiick^ 23 d. 30 m, XXXVU 



In which 
there is* 
Given 



2. The Angle at Or. (which is at the Interfeaion of xxxviiL 
the JSquator^ and the Hdrizon of London) 38 d-^XXlX. 
30 m. ^*'- 

3. The Side Or, rj. or Or. *«, (the Diftance of the 
Ob/ique A/cenfion from the neareft JEquint^al 

L Pw>^ 4id. 34 m. 



V c jJf- The Side r A, or s^ A; for, A is that Point of the 
To lind-J^ Ecliptick^ which 4/f^/f</x with a Star. 

When therefoie the Sun is in that Point, a StarRi/eth Cofmi- 
calfy : But when the Sun is in that Point of the Ecliptkk 
tint is oppofite to A, iSt(a' Rifetb Achronically. 

_, c ; fz. The Oriental Angle 4t the Point A, viz, the Angle 
Tofind -J^ r A Or. or tt A Or. 

Moreover, in the Triangle R A ©, (befides the Right Angle at R) 

(1. The Side R ©, the ArkofT^fion^ agreeing with the 
There is 3 "Star, viz. 13 d. for the lecond Magnitude: 
Given ; t. The Angle R A ® (the lame as r A Or, ot a A Or. 
, (^ before found, 26 d. 50 m. 

To find the Side A ®, the Arch which mud be added to thePoint 
A, to iind out the Point ©.^ which, when the Sun is in, a Star 
Rifes UeliacoHy. * 

The Ctmonsfor Calculation. 
\, For the^Sides A Or. and Or, T. By Ca/e III. of O: A 5. T. ^ 

The Angles Given arc AOr. T, 141 d. 30 m, and Or. r A, 23 d. 
30 m. And the Given Side is Or. T comprehended by them, 

4.2 d. 34 ^* ^ 

The Sum of the Given Angles is 1^4 d. Their Difference 1 18 d* 
ththalfSum ^2 d. The halj Difference 59 d. And half the 

Given Side is a 1 d. 1 7 m. 

Then, 
ft) As the Sine of half the S»» of the Angles A 0/. r, and Or, 

. tL Sad. 
Is to the Sine of half the DWerence of thofe Angles: 
So is the Tangent of half the (Sven Side Or. _r , 2 1 d. 1 7 m. ^ 
To the Tangent of i8 d. 38 m. Which is half the Difference 
. of the Two unknown Sidffs Or. r, and Or, A. 

(a.) Ai 



t4S 
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%. (4) As tha Co-fine of half the Sum of the Angles A Or. r, and 

XXXVIL Or.rA. 82 d. 

5SS1^ Is to the Co fine of half the T)ifference. of thofe Angles : 

^^^^ So is the Tangent of half the Given SideOr. r, 21 d/17 m. 

'^ To the Tangent of 5 5 d. 1 p m. Which is half the Sura of the 

Two unknown Std(^:s Or. A, and Or. r • —The half Diflference 
tSd. 38 m. fubftraO^d from 5; d. ipm. (the half Sum) 
leaves jtf d. 41 m. for the Lejfi:r Side A Or. — And the half 
Sum 5; d. 19 m. added to the half Difi^enoe, gives 73 d. 
57 m. for th6 Oieoitr Side A T, but-<becaufe the Angle 
Or. oppofite thereto^ Is above a i^i$rdrant) add po <L to 7 3 d. 
57 m. and the Sum 1^3 d. 57 m. is the Side A r. 

2. For the AflgleOr. A r- By Q/^Il of R. AS.T. 

(i.) As the Sme of the Side A Or. 354 41m. . 

IS to the Sine of Or. y* A, 2? d. 30 m. 
So is the Sine of the Side Or. r^ 42 i. 34 m. 
To the Sine of the Angle Or. A r, a^ d. 50 irr. 
Then in the Triangle A R <&, Right-angled at R, to find tba 
Side A V by Q/^lX. of R. A.S. T. 
(4.) .As the Sine of the Angle at A, 26 d. 50 m. 
Is to the Sine of the Side R (the Angle of V/^n^ 13 d. it 
being a Statof the Second Magnitude}. 
So is the Radius, 
To the Sine of the Side A ©, ap^ d- 53 m. Which added to 
the Side A r, 163 d. 57 ra. the Sum is ipj d. 50 m. from 
which fubftradiSo d, there will remain 1 3 d. 50 m. 
Wherefore, theHead ofi!;»/r(?»^^ Rifeth Cofmkally zxljon- 
ifc/r, with 13 d. 50 m. of V Capricorn^ in which Sign and De- 
gree the Son is abont the 241 h of December : Aid Achronically 
with 13 d. 50 m. of » Cancer^ in which Sign and Degree trc 
Sun is abont the 25th Day oi^une. —The Oriental Fotm of fii- 
fiM is at A, or .the Angle r A Or. 25 d. 50 m. And the Head of 
Andromeda Ri/eth Heliacally^ whea the Sun is in 13 d, 50 »• of 
^ Aquarius^ in which Sign the Sun is about the 22th otFetrua^ 
ty^ and Sets He/iacal/y when in the oppofit^ Point, viz. 13 d. 
50 m. of Si Le0y that is aboijt the 26 th of Aupifi. 
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PROS. XXXII/' . xuf 

The Elevation (fa ?ole^ and the Ob/ifse DefcenJicM of a Star gr- xLtlV 
van ^ To find the Cofmical^ Aaonicil md Heliacal Setting of vt tv 
that Star. ^^^^' 

L By the Coeleftial Globfc. 

TH E Praflical Performance of this and the following Pr^ 
b/ems is ihcvfed before in Prob. XXXI. and needs not te 
here again recited. Wherefore, - . 

II. By Trigonometrical Calculation. 

When the Oblique Defcenfion of a Star falls 

^Rrft .-) ^ rFigareXLI. -) 

t ^u^ J Second (^Quadrant of the ) Figure XLIL ( ^i,^ 
Intlie<T^(j}j^ > EcliptiA, as in )FigureXLlIL > ' 

CFourth ) (Figure XLIV. ) 

By Trigonometrical Calculation. 

In the Oblique-angled Triangle T Oc. D, or ^ Oc. D, there is 
given, 

(i.) The Angle T Oc. «a, 2; d. 30 m. ^ 
(2.) The Angle Oc\ the Angle ot the JEquator and Horizon of 

London^ 38 d. 28 m. itsComp. to i8o. 
(5.) r Oc. or la Oc. theDiftance of the Oblique Dfefcenfion, from ^ 
. the neareft Part of the ^yw;f^/tf/. 

To find, I. The Side r D or e^ D; 

For, D is the Point of the Ecliptick, which defcends with the 
Star: When therefore the Sun is in that Point, where D is, a 
Star Sets Achronically : But when the Sun is in the Point of the 
Ediptick, oppofite thereto, the Star then Sets Cofmically. 

2. The Angle T D Oc. or ^ D Oc. 

Moreover, in the Triangle R D (befides the Right Angle at 
R) there is given, 

{ I.) The Side H ©, the Arch of Vifion- 
(a.). The Angle R D ©, the fame with the Angle r D Oc. ot » - 

D Oc. before found- 
To find the Side D ©, the Arch which muft be taken froitt the' 

Point D in the Ecliptick, to get the Point © in the Ecliptick ^ 

to which Point, when the Sun connies, the Star Sets HeiiacaJIy. 

EXAM- 
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Kg EXAMPLE. 

XL** The Head of Andronuia (at IjmdoH) fets Achronicalfy with 
XLli. 26 d. 46 m. of r : - Cofmically, With 26 d. 46 01. of «*• — But, 
XLin Ae Angle r D Or. is found to be 121 d. 32 no. and its Comple- 
XLIV.' nicnt to 180 d. the Angle R D ®, 58 d. 28 m. Wherefore, the 
Head of Andromeda fets Heliacally, when the Sun is in n d. 

'*"*^' PRO a xxxm. 

T^ehmxyx^tofaflace^ the Oblique. Afcenfioni>r Defctfijion (ffa 
Stdr^ and the Longitude of the Sun being given: To htm we- 
ther a Star may hejccn Heliacally* 



T 



I. hythe CoBkftial Globe. 
perform this by che Globe, fee before Yreb. XXXT. 



IL hy Trigonomettical Calculation. . 

This is but the Converfe of the Two foregoing FrobUtat : 
And the Spherical Triangles upon the Globe will be the fame ^ 
and theretore, in the Triangle R A © or R D © 

^i. The Oriental Angle at the Point A, or the Oc- 
cidental at the Point D: The one being £mnd 
in the Triangle r Or. A, or la Or. A, as in the 
Froblem : The other in the Triangle 



There is given, 



feP-^if A*^i ^ V Or. D, or la Oc. D, as in the f rob/em. 
Kigit Angle ^ j^^^ gide A ©^ or D ©, theArch which-isin- 

^^ ^' tercept^ between the Longitude of the Son, 

and the Afcending or Deicending Poilit of the 
I Ediptick. 

To find out the Arch R ®. . 
Which Arch, if it be greater, or equal, to the viiible Arch of 
the Given Star^ that Star doth appear : But, if it be lefs, it lyes 
hid under the Sun's Beams. 

ZNote.'] Sonrietimes the Oriental Angle is leis than the Arch of 
Vifion <, and then (even at Midnight) fuch a Star cannot be feen . 
But, if you fubltra£^ the Arch of ViGon from the greatelt De- 
, preilion of the Mquator under the Horizon (which is the Com- 
' plemcnt of tho^ Latitude (or Elevation of the Pole at London 38 d. 
90 tn.) there remains the Northern Declination of a Degree of 
the Ediptick, unto which the Sun muft firft come, before that 
Star will begin to appear at Midnight. As 
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As for Example. All Stars of the Fifth Magnitude, have ah F/>« 
ArchofVifioQof i6d. therefore fubftiatt itf from 38 d. Bom.XLl. 
the Depieffion of the JEquatar^ and there will remain 22 d. XLll. 
30 m. the Northern Declination of the Sun, viz. as much as is XLIIL 
required that it be deprefied 16 d. below the Horizon j that the XLIV. 
Sursof the Fifth Magnitude may appear. But the Sun hath as 
great Declination in i? d. 26min. oi. Gemini n, and in k^ d. 
35 m. oi Cancer «; Therefore, whilft the Sun goes through that 
Arch of the Ecliptlck (which will be between the 24th ofMay^ 
and tl^ 28th oijunc) the Stars of the Fifth Magnitude (are noi 
vifible at luondon (even at Nfidnight) becauie the Twilight hinders. 

Here needs no Canons for Calculation. 

PR OB. XXXIV. 

The Elevation cfihe^ Vole^ and the Longitude of the Sun : To find 
the Begintttt^ cftbi Morning^ and EiaJ cf the Evening^ Twi- 
light. 

I. fy /*^ Goeleftial Globe. 

IN this and the foUowine Problem^ the Situation of the Son 
isgiveny in reipeCk of the Mqutttor^ and its Situation is fought ' 
for in refpeS of the Meridian. 

But, becaufe, at every Cefiation of the Twilight^ there is com- 
monly required a Depreffion of the Sun, of 18 d. below the //(?- 
rizon. 

Now, in the Latitude of 48 d. 30 m. the Sun being in the be- 
ginning oiCancer s^at Midnight, is deprefs'd below the Horizony 
predfAy 18 d. Hence it follows, that in Places, having a greater 
Elevation of the Pole than 43 m. the Sun being in the Tropick^ 
muft (at Midnight; be deprefied leis than 18 d. from whence it 
follows^ i;bat Twilight will neither Beginnor End, but will laft 
all Night Therefore, to know when this Troblem is in life, fub- 
(lra£l 18 A from the greateft Depreffion of the JEquator^ (that is, 
n London^ 58 d. 3001.) and there remains the l^prtherq Declina- 
tion 20 d. 30 m. (z%hj .i}[i^ProbIem conyerfed ) : So the $un, 
•when he hath 20 d. 30 m. or 'North Dedlination, whfcji he will 
have when he is in 1 d. 20 m. oi Gemini n, and in 28 d. 40 m. 
of Concert : Therefore, whilft the Sun goes tnroiigh that Arch 
of -the Ecliptick (which is between \he 12th Djy of itttfy, and 

F p'^ ' . ' . . i\^Q 



Given, < 
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the I tth Day c^fuly) the Twaighis lafts all Nijbt at Loniati^ 
all which Time there is no life of this Frcbkm.thst^. 

At other Timesof the Year it will be in Ufe» a^d maij be re* 
ibived as followeth. • 

11. fy Trigonometrical Calculation. 

fig. Upon the Globs^ the Triangle relblving. this froblem^ is the 

XLV, Ohlique-angled Spherical Triangle P N © in Tig. XLV. for the 

Deaination of the Sun^ Northern or Southern. In which there is 

^i. TheSidQ P N, the Diftaoce of the ^ole ofthayBprtf- 
tor^ and the Horizon d^hfnidon^ 38 d» 30QL 

2. The Side N ^^ the Complement of the Depreflion 
of the Sun under the Horizon] which the Sun nmft 
have when thQ Ttoiligbi Begins ot Ends^ viz. 72 d 

3. The Side P ©, the Complement of the Declination oi 
the Sun, which will be 

f Greaierv ^^ ^ rWheo hi Noetoi 

iLefler J P*?'*®^, ly^^^^ )^ Southern > 

Required, The Angle at P. Which mu^be tomedimo Time, the 
which, being 

r Shews the Begimhtg d iite ManmS 

(, theJ?^^ofthe£i;mxr^Tw//^&/: 

The Canon J or Odculation. 

By Qaje XL of a A.S. T. 

D. M^ 
Thfi5i^^of the Three Sides of the Tdangle Is. r^^' 18 

The Half Sum is $9 d* 24 m. Or. 89 56 

The Deference between the Half Sum 99 d. 24 m. \ „ ^^ 
And tha S/V^roppofiie to P is X 

\ Thienfijr, 

(kV As the Radius, 
To the Sine of P N, (one of the $ides containing the eoquhed' 
Angle P) 38 d, 30 m. 
So is to the Sine of P 0. (the other Side containing, the awaited 

Angle P) 88 d. 48 m.. 
, To the Sine of 3.8 d. 25; mil 

- (i.) As 



Si 



fig* 

:lvl 

XVII. 
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XLV. 
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(2.) As the. Sine of ^8 d. 29 m. laft found. ' ^%* ^ 

Is to the Sine of the Half Sum of the Sides^ 99 d, 14 m. (or XLV- 

So is the Sihe of the Difference ^ 37 d. 24 fti. 
To the Sine of 47 d. 4101. 
To which Sine add the Radim^ and half thereof will be the 
Sine of 59 dr 19m. Whofe Complement 30 d. 41 m. is 
UaifthcAniUzx?. 
Thus the Angle at r, being tf i (L 2^ m. chat leduced mto Time^ 

makes 4 lu ^ m. ferk 
At which Time tbfi. Twiligbr BegfM in the 2i/Lormng. And that 
rubftra£ied frc^ lah. leaves 7 h. 54 tti fer the Time that 
TwUigbt wilLfi^rfin the Evening. 

PR OB. XXXV. 

The Elevation of the Pole, i7;?^/j&^ Altitude if a Star ; ulbofeK\At 
Alcenfion j/r^ Declination are both known: To find out iheMoi 
tnent ^Tiooe, and ibt Azimiitfa dfibf, Sor W. >2ur Time* 

L B^/ArCod«ftlalQlDlrt. : 

REftifie the Gtohe to the Latitude.^ (fuppofe London) 51 d. 
30 m. &ing the Place of the $tf39i (tuppdfe 27 d. 54 m. 
of Fifces) to th^ Meridian^ and the Hous^tedex to tz^ aM the 
^fodram of Altitude to ikt.Zdnitb : Thin, mm- tteBbd^ of the 
G/t?5/ about, till the S/^r (fuppofe Capm Jlmdromi^iK^ iaML^xy^ 
5 d. -^4 nk (i)iek given ilAixHA/^. t^eieoi) Tfam wilt the ibmri 
index poiiitat r^'« Time required, viz. ^r h. 47 m* Morn. '■'■-' 

.:. IL i^ Tt^onometrical Calcdatioo. 

Thd 5i^;r at Hbon is at the highef^. Take awaf ihj^refpre the fig. 
Sut^s Right Afcenfion^^ from, the ^^tAUertJion of the Siar\ and XLVL 
the Remainder being turned* iiko Ti&wi^^jOwws how many hours XLVII. 
Afternoon the^^Tx' isit ib^higNi' ^ Tbeitefore, ' '^^ 

' : . ^ etiftirrf r , C% XtVi; 

When a Star is in the < , - SPatcs, asln< 
. . ^ ^: -^ ••i*Wrfleni$^ ^ " , .V.CHTg. XLVlI. 

Pp.2 In 
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In the Triangle P Z S there is 

1. The Side P Z, the Diftance of the P/^ o&the ^F- 
quator^ zx\A,xht Horizon of London^ 98 d* 30 m. 

2. The Side Z S, theCon^plement of the <^a^s Altitude^ 
84 d. 36 m. 

3. The Side P S, the Cbmplement of the Siar^i DecU- 
nation^ 62 d. .42 m. 

1. The Angle P, and muft be toroed into Time: 
fin Fig* XLVI. ^ ^ahniiom^ the rtm 

.And< >muftbc< yciodm. 

Required,^ UnFig.XLVIL> LAddedto >■-*«• 

that the lime of Obfervation majr appear. 

2. The Angle at Z, the Azimuth of the Star^ at the 
Tin^e of ObfervattQn. 

The Canon for CUcutation. By Cafe XI. of 0. A S. T. 

I. For the Aagte at ?• 
(i.) A$ the Radius, - 
Is to.theSineofPZ^ 58 d. 30 nw (the Coaqtonent of the 

Latitude.) , ^ 

So is the Sine of Z.S; (the Complemeot of the Stat^^ Altituit^ 

84 d. 3^n^ 
, To the Sme of 38 d. 18 xxu 

(2.) AstjbeSineof 3^^ i6m» 

Is to theSioeofthehalfSaniof thel!l^r^5M&/0ftheTm^ 
92 d 54 n. (or &7 d. 6 iti.) 
So is the Sine of xbsiDifference (betweea the Hsdf Sum^ and the 
Side Z S, oppc^ to the Angle at P) 8 d. 18 la 
To thcSine of tf i d. lom. The DoaMc vviiereof 122 d. 2ofiL 
. is the Quantity of th$ Angfe at P. Which> timed into Time^ 
- gWea 8 h. ,10 ©• 

/ : z^*^ For the AngJle.atZ. 
As the Co-fine of the^/^*Sii^r/iMfr:Z5,B4ct; j^nni ' 
h the Sine of the Ang^ at P^ 1 22 d. ^o nu Or.(comp. to iSod.) 
57 d. 40 ra. ' • 

SotS'theSineoftheSideSF,/th&Con^ ofthe5/w'» Vettijis^ 
tion) 62'd; ^42m'* ^ ' ^ 

To theSine of the Angle at 2^ 48 d. ^ m^ And tikat iSr ifae^ 
&tar\ Azitnmb fiom the Nml^EafimmL 

SxamPlt 
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Example in Caput Andromeda^ F/^. 

In the Latitude of 51 d. 30 m. the Altitude, of the Head oi^^^^ 
Andromeda^ was Okjerved in the Eaftern Part to have 5 (!• 34 iih XLVII. 
of Altitude above the Horizoi! : The 5i^;r'x Longuude" at that 
time being in 27 d. 54 m. o(Pi/ces K, At which D. ^W. 
Tinie alfo the w^gft/ 4/^^;?/?^;? ot the iS«/i is 358 04 

The Right Afcenfion of Cap. Andromeda^ found ias before 357 45 
To which add 3 6dd. it makes 717 ^5 

From v^ljich fubftraft the Suri% Right Afcenjion 358 d.7 "~" 
4 m. there remains . . j ^^^ 4^ 

Which turned intoT/W, ^ves 23 h. and 57 m. which is as 
many Hours as the Star is coming to the Meridian after 
the^iy/r. 
Thus the Angle at P, being found to be f 22 d. 20 m. which 
(the Star being in the Eafiern Part) muft be fiibftrafted from the 
Time of Culmination^ 23 h.* 5:7 vtu and then there will remain 
15 h. 47 m. for the Time oiOb/eroation Afkmoon^ which is jtu 
47 m. in the Morning. . - 

PR OB. XXXVI, 

The Time of Obfervation^ and Latitude of the Ptace^ being given : 
To find out the Altitude and Azimuth of a Star given. 

ly ^ /i&tf Codeftial Globe. 

RE£liiie the Globe to the Latitude^ ^ the ^drantof Ahitude 
to the Zenith^ the Place or the Sun to the Meridian^ and ' 
the Index to 12J Then turn the Body of the Globe sAout,- till the 
Iffi/r^ points at the Time gjiven^ and there kee^ it: Then the 
f^juutrant of Altitude laid over the Star wiU give yo\i upon it the 
Sutras Altitude \ and when it cuts the Horizon^ the Azimuth^ 
Aere^ alio. ' ' 

il. ty TiigohoiMetrical Calculation. 

This is but the Gonverle of the former TroblemT R^vA the Tn^ 
an^^ made upon th^Glebe the &me, viz. tfaeTriangte Z P S; ia^ 
FifrXLVLandXlVIL In which IVIangle there is . 
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%• y^i. The5/V*ZP (theD//?tf;7r^ oftheP^/fjofthei%w- 

XLVL L tor^ and Horizon of London) 38 d. ?0 m. 

XLVIL A J. The 5/A P S, theConiiAement of Ac Staf's Dec/ina- 

QiY^n^ < tion (Cap. Andromeda) 62 d. 42 m. 

3. The Angle S PZ (theJime between the Tfane of 0*- 
Jervation^ and the Time of the Stars next Cnhnination^ 
viz. 8h. 10 m) which is 1 22 d. 20m. 

I. The Side Z S, (ih^Cmp/ement of the S/^x Oi^r- 
wrf Altitude). 

The il^/^ at Z (the Azimuth of the 5/ nr, fiom 
the North Part of die Meridian.) 

The Canons for Calculation. By Cafe IX. and Cj/? I. ofO. A.S.T. 

\. For the An^ at 2^ 

(1.) As the ^i#^of halfthe<Siy«iordieS/^xZP and ZS, 50d. 

36 m. 
Is to the <S/;r^ of their half Difference^ 12 A. 6 vcl 
So is theCo-tangent of half the Given Angle^ Z P S, 61 d. lom. 
To the Tangent of 8 d. 30 nt the half Difference of the Two 
Angles^ Z and S. 
(2.) As the Co-iine of half the Sffm of the Given Sides^ fo d» 
3^ in. 

Is to the Cofine of their ha^ Difference^ 12 d. 5 m. 
So is the Co- tangent of half the given Angle Z, 6 1 d. 10 m. 
To the Tangent of 40 d. 22 m. Which is the half Sum of the 
., Tlfiro4^* 

Then 8^5^^^ ^^ ?^- ^'-S^i ^?For thej^ 

^Tm ^ /40 22<48 52> l!Ju^ 

5oni. JlSobfcaaed fiomS Ves 2 31 sO ** CS. 
So that the Azimutji of the 5/4r is 48 d« 52 m. fioa thsNirtb 
Pm or th^ Meridian. 

. 2. For the Side Z& - 
(5.} i^ tbeSine-of the AiigU atZ^ (laft found) 484. -5^ m: 
U ^QtlieSloe of; the S/it'^ SP (die Qxqpisfneot of the Sm's 

So is the Sine ottfae Aa^le at P, 122 d. aom. (or 57 d. 40 ro.) 
To the Sine of 84 d. 3<$ m. for the Side Z S. Whofe Gom- 
. . .plement, 5 d. 24 m. is the Altitude of the Star at the Time 
"• bf Obfovation. 

Ailrono* 
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INTRODUCTION. 

Astrology confifteth principaQy of Two Plam, xhz, Ae one 
Mathematical^ a9 is the JftfotMmical Part ; the ocber Jvdi^ 
€iary^ as is the Afirohgical Fart. 

The Matbhnatical Part teacheA how in ^Scheme <x Figure 
(as they call it) to reprelent the Face of the Heavens in Plano^ for 
any Hoqr of the Day of Nijghr,. at all Times of the Year, and in all ^ 
Parts of the World. 

Th^AJfrological Part teacheth how (fronvthe Sight ofthefaid 
Pofition of the Scheme or Kgure of the Heavens at the Time of its- 
Erection) to giv6 a determinate JuJgmcM of "whgt vras demanded 
upon that EreSion of the Scheme or I^ure ; as of AmmoJ Revo- 
Imions^ EleSions^ the Nativity of a Perfbnj &c. 

The principal Authors that have ^ven their Opinions con^rn* 
ing the dividing of the Ifeavens into 12 Man/ions or Houfes^ are» 
r. Ptolomy^ 2. Alcabitiuc^ 5* Campanus^ and 4. Rigiomontant^ : 
Which Ian Way is now g;enerally itceived and praaiced among 
the Aftrologen. of thefe Ttmes^ and by them teraied. the Rational' 
ir^ ^Regiomontanus. 

Nowy becaufe (as I laid before) that the £re£Moa <^a ^gura of: 
die Heavens is the Mathematical Part of J^rology^ I fhall there- 
fere fhew how by the Globes to ereGb a Figure of the Heaveog ac* 
oording^to the Rational Way of Regiomontanus. 



F R O E 
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P |l O B. I. 

How to Ere3 a Figure eftbe Ueavertt in the Latitude of London, 
5 1 d. 30 m. N. for the i oth Day ^/March^ at^pm. after 9 mm 
the Forenoon •, at which Time the Sun entred into tbefirft Sera* 
pie S?/ Aries, in the Tear 1 67 5. 

THE Heavens are divided in XII HouTes or Manjioniy by 11 
Semiarcies of Pojition •, for which rorpofe, to Ibme Glebes^ 
there is naade one otBraJs^ which is fixed in the InterleQioos 
of the Meridian and Hortzon^ by the Elevation or Depreffion 
whereof tlie Heavens may^ be divided into Parts or Houfe 
through each Degree of the Edinick. 

Of thefeXII Houfes^ or Manftons of Heaven, Four are called 
Cardinal^ as, (i.) The Hor^cofe^ox Afcendent^ or Cufpk of the 
lirjl Hou/e. (2.) The Meditm Qeli, or Angle of the 5«/&, or 
G^if of the Tenth Houfe. (30 The Defcendent^ or il;^/^ of 
the W^^T?, or the Cufpis of the Seventh Houfe. (4-) The /«»« 
Cr//, or the il/sr^/^ w the AV/fr, or the QyJ>^ of the fatrtb 
.Houfe. 

Regiomontant^ divides the Heavens into XII Houfes according 
to his Way, by the Circle oiVofitions pafling through every 30th 
D^ee of the JEquinoSial^ and cutting the EcUptick at feveral 
Points, which are the Cufpifes of the feveral Houfes : «— So that 
when the Globe is fet to the Latitude^ and the Hour- Wheel ReSi- 
fed and brought to the Given Hour, you have the Cufpifes of the 
Four Cardinal Houfes : For, 

The Degree OEaft Side of the Horizon^ ") Gives f Firft ") 
of the E' ^Somh ?ztt of the MeridianJ the , JTenth /^ 
cUptick cutTWeftSide of the Horizon^ ^Cufpkj^veiiih r j2 
by the C^orth Part of the Meridian^ of the CFourth j 

fl 

The Cufpifes of the other 8 Houfes are found by theMoticM of 
the Grcle of Vofition^ as (hall be (hewed by and by. 

The Houfes 2xe denominated by i, 2, 3,4, Cr. to 12, from the 
Afcendent downwards to the Imum Cceli^ up again to the Defcen- 
dent^ and again by Medium Cctli^ down to the- Afcendent. As 
in the following od*fe^»^. 
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tthis fuffice for Definition^ and now we will come to the 
'ce ly the Globes. 

fly To the Day propofed, the I otk of iW^rrft, find (by the 

Anronomical Problem) the Sun's Place in the Ecliftick at 

I, which you (hall find to be in o d. 5 m. of Arte f. 

candfyy Set the Globe to the Latitude 5 1 d. 90 m. 

^irdfyy Bring the Sun^s flac^ at Noon (o d. 5 m. of ilr/Vj) to 

Meridian. 

4nbfyy Turn the G/^i^ abont till the HourAndex point to 

i?»r given, vi-sr. to 49 m. after 9 in the Morning. 

ftfyi The G/^^(? being fixed in this Pofition^ you (hall find 

lie EaJi'Semicircle of the Horizon doth cut the Ecliptick iti 

29 m. of Cancer^ which is the 5/^/r then Afcending^ zxA muft 

aced upon the G^j« ofthe firji Uouje^ 

len caft your Eye upon the Interfcftion of the Smh^ujtoi 

Meridian and the Edipttck^ and there you fhall find the J?- 

V/fc'cut by adt Meridian iii 25 d. of Aquarius^ and that Point 

e Ecliptick is then in xliQ Medium Qelt^ and muft be fet upon 

"u/pis of the Tenth Houje. . : . i\ 

fo, you find that the FTe^ Semicircle of the Horikon^ * cuts ^ 

^//^ifeinood. 2p m. of Capricorn-^ which Point ' is tbed IV- 

'//y^, and muft be placed upon theO^/jofthe Seventh Hauje. 



2j5cr AncRk Matbematica. 

Laflfy^ Vou.fhall find that the North Part of the Meridian doth 
cutthe££:/iwV>5in the 25th ® d. of Lf<7, which Point is then 
upon the imum Cali^ -^nd muft be placed upon the Qj/^/x of> 
the fourth Houje. 

Thus have you found the Points of the Ecliptkk^ which do 
occupy the Cufpifes oi tho ^ovix Car Jitial Houfes : Now for 
the other Eight Houfes. 

Let the Globe ftill reft in its former Vojition^ a6d then, 

F/r^, Bring the Circle of Pojttwn to its Place on the Baft Side 
ofxhGHorizori', and being there fixed, raife it upwards towards 
the 'Meridian^ till 30 d; of the JEquinoSial be intercepted be- 
tween the Horizon and the Circle of Vofition ^ and then you 
fhall find that the Circle of Vofition will interfeCfc the Eclhtick 
in 20 d. of Taurus ^ which Degrees muft be fet upon the Uf/pis 
oftheTxoelfih Uou/e. 

Secondly^ Move the Circle of Tojnien yet higher towards the 
Meridian^ till 30 d. more of the Mquino3ial be intercepted be- 
tween it and the Horizon^ (in all do d.) and when in doth lb, 
you Qiall find the Orcle of Vofition will cut the Ediptick in j ^ d. 
o\?ifce5'^ which Point muft be fet uf)oii th^ G{/^i/ (rf the- 
Eleventh houje. 

The Meridian give* the Otfps of the Tenth Haufi in 25 1 
of Aguariur^ as be&ie. 

Thirdly, Move the Semii:ircle of Vojitifin ftottr the &/! Side 
of the Horizon to the Wefi, Side, aod move it dowawards 
ftomTthe. Msridaan^ till ?o d. of the JEpiinoSial be iotetcep- 
ted between the Meridian, and C/rr/f ^ Pofition^. and then jeou^ 
ihali find the Cw/if of Fv/ttion . mil interfca the EdiptuAiix 
7 d. of Aqmrii^ % which Poitf: muft be fet upon the G^/x 
of the Wmah Houfe. 

l^urM% Move die Orcle cf Pojition yet lower by 30 iL ue. 
<o.d. from the. Meridian downwards^ and then yoaflialLfind 
the Po/it ion-Circle to ^ut ^e EcUptick in 2 1 d. of Capricorn 5 
w Wch-Foint muft be f« upon tie Cufpk of the Ei^th ticu^. 
- The llifefcendant or Q/^ of the Seoenth Uoujey is tike Ifti' 
/ ter£iaion of the Wefi Side otihi^ tiorizdn and Es/iptiek, 
1 c: ^ which is in ao d, 2$ mtn, of Cdprkom^ as befefe» 

And thus have you found the Cuf^Jes of the Rw i&»^x 
^ri^^D«tii:ihev.Hor/i:^^^ be&k tbe Afcendwt and tlie ^r^M» C^r- 
-?f?i^x oilthe 12, ii> p and 8. Houfes. Nowitet^/j^r^ of 
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IfaeFour otber Hou&s under the Earth have the iame Degrees of 
the oppofite Signs upon them. For, 

Uouje. Uoufe. 

Being upon the^ 1 1/) 25 d. •(will be on the) 5 
CufpHdftbQ ^ pQ 7 d. Sir Cu/pisofthQ 

For the Six Signs 
Ariesy Taurus^ Gemini^ Cancer^ Leo^ Virgo^ , 

axeopp^teto > 
Libra^ Scorpio^ Sagitt. Capric. Aquar. Vifces* 
And this is the manner how ( by the Globe) to erea: a 
¥igure aaording to the ( reputed ) Rational Way of kegiomon- 
tonus. 

Naw if you would infirt the Races of the Vianet s mxx> your 

^tgure^ ( ^^^ it Is HtMmi that the Aftrologer principally giveth 

Judgment by J) your beft Way will be to have Recourfe to 

fi)me good Ephemeris^ or Calculate them from Aftronomi- 

^al Tme^). 

Having in the foregoing Frecepts Ihewed how to creft a Scheme 
(or Figure of the tieavens) By th6 Olobe^ I fliaU now (to 
retain the lame Method throughout this whole Treattfe) 
(hew how to efieQ: the fime Trigonometrically ^ the which 
I (haU do in theXb;*^ following PKOBLfi^A 

P R O B. L 

The Time of the Day, and Latitude of the Place given : How to 
Ereff a Scheme or Figure of the Heavens for that Tlnae anJ 
Place. 

By Trigonometrical Calculation. 

•\rOU muft firft find (either by Ttibles already Calculated, Fig. 

JL or by the foregeing Afironomical Problems) the true Place XL VlII* 
of the Sun in Longitude -^ and 4dlb, his l^ht Afcenfion^ both for 
th^ Momem of Time given. 

Then turn 1i»Timegmny (counted from 4be preceding Noon) 
into Degrees and Minutes of the JE^uator \ and add them (being 
ib turned into Degrees and Minutes) to the Right Afcenfion of 
the Sufi before- Jound 5 the Agtegate (cafting away 360 d. if 

Q, q a need 
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fig. need be) is the Right Afcenfion of the Mid-Heaven t To whkh 
XLVIII you muft find what Degree of the Ediptick doth anfwer 5 for 
that will be the Sign of the Xth Uouje. 

Then, To the Right Afcenfion of the Mid-Ueaoen^ add 50 d. 
then 60 d. again po d. and 1 20 d. and 150 d. And thus you will 
find the Ohltque Afcenfion of the Xlth, Xlltb, and Ift Uoujc •, 
or of the Ila and Illd Horofcope. 

By theEreQion of the Circle o^Vofition above the Uorizomx 
every 30 Degrees, there are made feveral Spherical Triangles^ as 

H iE II, ire. 

In which Triangle (befidcs tlie Right Angle at R^ there is 

Ci. The Side H ^5 (the Elevation of the JEquintSid 
Giyen)< ^hovQ the Harizon of London) 38 d. 30 m. 
C 2. The Side -3E 11, 30 d. (and ^ 12, 60 d. &c. 

To find. The Angle. JE ii H,~iE;i2 H, (!fc. By CfT^XIIL 

As the Tangent of ^ Hi 38d. 30 m.. 

Is to the Radius: 
So is the Sine of ^ 1 1, 30 d. 
To the Tangent of 3 2 d. p hl 
Whofc Complement 57 d. 51 m. is the Quantity of tlie 
Angle H 1 1 ^ 

D. M. 

theAn.<H i ES.^J^'^V 7 io>S ^^'? 
gle )h 2e( ^^ )42 32r^^ Angle 

Thefe Angles bei«g once found will be always in life in the L?- 
titude of 51 d. 30 m. For that they, ihew the Qyantiy of the 
Angle, that the Ediptick makes with every Circle of Potion. 

Moreover, 
lii^the Triangle n r X, — 12 rY, &c. there is 

I. The Angle X ir r, which is a cc«itiguoHs Angle to 
the before-found Angle H 1 1 ^. 
Given, ^2, The Side r n, the Complement of the OMiaue A- 
fcenfionofthtlathHeu/e^ to a whole Circle, or 3 <Jod. 
3. The Angle 11 r X, 23 d. 30 m.. 

I© 
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To find the Side r X, or the Diftance of the Sign of the Xlth 'Vtg. 
Honfe from the Vtrnal J^lqmnox. By Ca/eW. of R- A. S. T. XLVIIL 

But it will be fuffident to count the Sig/is of the Oriental 
UouUs : For tho^ which are oppofite to them, (as the IVth to 
the Ath, — the Vth to thelXth, S^r.) are counted as many Degree t 
iHid Minutes as the others^ but of an Oppojite Sign. 

Example, Let it be required to Erea a Scheme ^//&^ Heavens. 
(in the Latitude /if London, 5 1 d. 30 m.) jor the 6th Day of 

• March, the i6 b. 5 m. before Noon. 
The flace of the Sun then was in 27 d. 5:4 m. K* 
ThQSuffsRight Afcenjion^ ^^%A. ^m. 
The Time itf h. 5 m. turned into Degrees^ gives 241 d; 15 hi. : « v 

Which added to the Right Afcenfion 01 the Sun^ niake 557^ d, j . 

19 m. from which fubitra£l the Circle (jdo'^O there renja ins 

239 d. 19 m. for the Right Afcenfion of the Mid-Heaven. To 

which aiifwer i d. 27 m^ of j, which is the 5/^» of the Xth 

Uoufe. And from thence I colle£t the Oblique Afcenfion of the 

reft of the Uaufes as foUowethj viz. 

rXl \ ^769 1'9 

TheOiWNXIl/ jj^j- \79P 19. Yj^ g. 

Afcenfion <C I > *^L <329 vi9> ;i ?• < 
^tui )TT ( tobe >^^^\!^C thereof is 
or the yil V .,, /35^ ^9 

CHI J (.29 29 

But becaufe the IVth Hbufe is oppofite to the' Xth Houfe^ it 
will have as many pegrees and Minutes upon the Cufpis thereof, 
but of the oppofite 5/]f;/, vis. n, and the Vth the fame as the 
Xlth,. viz. 15 d. 15 m* of the oppofite 5/;fi7, n. The Vlth i d, 
com, «.. TheVlIth 29 d. 27 m. of ». The Vlllth 28 d. 
46 m, of nt- The IXth 11 d. 45 m. of tri. As may be feen in. 
thejBf^ff^^Fig. XLIX. . 

P R O B. 11. 

•■ r V 

How to DireSt any Point of an Ere8:ed Scheme to aty other ^omt: 

u 'TpHE Po/nt that is DireSed is called, otherwife, tfie Firji fig. 

JL Place ^ or Significator: But that tp which wc direft it, XLDL 
the Second Place^ or the Tromijfor : But the Significators are di- 
. reeled whither they tend : DireHed^ that is. Going according to 
the Series of the Signs ^ but Retrograde ih Ant ecc dens ^ or againft 
the Succeffion of the Signs ^ 

2, Let 
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t. Let the Tojition made ty any direft Slgnijicat(^^ or by the 
PramiJJbr to which the Retrograde is DireSed^ be called the Hori- 
zon of a Star: And it is either a right one, {Kiffing through 
bpth die P£?/^j, as the Meridian i^ or ap Oblique one, having Cfie 
of the l?oles elevated. 

3. The Oblique one is, ibmetiflies, the fame as the Horizon of 
the PAr^^ ^ and confequently, the Elevation of the Pole iB Ac lamd; 
But, when it is different (which moft commonly happens) yoa 
mufi firft enquire how much One of th6 P^/f^ is £/ft^i}rr^aliovfi 
the Horizon of the Star : But if a Star be 



fig. L. 




Given^ 



_.^ . Oriental, ") r7^7i^/fe, 

['^•j ^' ( With Decli JcJ^^/i^ 

TTT iV I nation, ^ North 

^•*^- Occidental,) CSotttb, 

In the Triangle P O S, or P H S, for the Situation of the Star 
above or below : There is 

If I. The Side P O, or P H, the Elevation of the Pole at 
I "London^ 51 d. 30 m. 

2. The Side P S, the Complement of the Starts "Decft- 
nation. 

3* The Angle S P O, comprehended between them 
(whole Meqfure Ib the Arch of the JEquator^. which 
is intercepted between the Sides P O ( P H J PS: 
One of which being produced, (hews the Right Ar 
fcetifion of the Star \ the other, the Right Afcenfton 
of Imum Catli. 

Required^The AftgleP O S, or P H S. By Cafe III. of R AS.T. 

Again, In the Triangle R P O, or R P H, (which are in dife- 
rent Hemifpheres^ wlwen O or H (before found) are greater 
than a ^adrant or 90 d.) 

Tjtiere is Given, f i- P O or P H, the Elevation of the Pale. 
beGdestte Ja. The Angle O or H, before found, (which 
Rjgbt Angle^ if it exc^s a f^adrant^ is Compteflient to 

atR, X '^o^* 

To find R P, The Elevation of the Pole above the Horizon of the 
Star. By Cafe III. of R, A. S. T. 

.4. Having found the E/wtf//>/r (by the Third beforegoing) then 

lock 
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COrientaljthcAft.^ R^.L. 
when the Horizon hath any Star that is< Occidental , tbe>ObL I. II. 

i Dffceqaon >. UK. IV. 
\xilSBLoii3BiQSii^ifk^or2xAfr$mmar. 

X- 5- *^:J|^f<Prtf«//^r, t»whointheS4/<:^;?^fla ojt Defctnfion 

foi the Horizon of ti;^ S/izr .- iet the. ^^ pne, oc tbo Oblique 
one, be fubftrafted fioni th? lUw Af^n^ Q' v^ffn^n «f ^f 
other Star (adding 3^0 d. if Nee;a be) tb&Ramw/fr is the.4'''^ 
of DireSion fouaht for. 
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TA^ Aik of Direfltion of toy. Sigmfioatot ^ing jgiveri ^ Tip ,^(j^ 
bavo far it will reach , , . - ' . ' 

TH I S is but the Convgrie, of th6 foregoing : , Tlj^rsfere look 
for the FJevation of the PtVirabove the aorizo/ioV^ Direh 
Signijicatar^zs before t and at that Elevation you will get (by the 3d.) 

theObl,q«.^4^fX,}of.he fi^S^s^/fr^^g^Sf;,^ f 
to which {p^^|add th^ givOT 4rif ot Oir^/^;/, fo will^ 

youget xhtOblique^ Defcfn^ni^ "^^ '^^^^^ ^"^ ^^^^ '^'^^ ^^^ 
the Ecliptick anfwers (being counted from the B/fT;j//V>;y of the 
Ifole above the Horizon of the Significator) which is the very 
Flace to which the^r^^ is DireQed^ and to which the Signifuaitor * 
wiU^4:ome• - 

But fubftraft the Arh of DireSion given, from the JR/]f 6/ il/^^/r- • 
fion of the Retrograde Significator^ and there will remain the 
Degree qf the ^yi5«<^/^Tr, which is found out by the Retrograde ' 
Significator^ hyDireSion^ tending to the Tromiffor : The Circle^' 
of Fofition pauing through this Degree (which ought well to be * 
obferved) will be the Horizon of the Promijfor : Above which, 
fin^^e ki^vation of the Pole^ as before : For, if that D^ree fall 

For t 
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HL ,iv. 
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Ancilld Mathematka. 

For the Situation of the Degree obferved, whether Above or 
Belov^ 

From the given Angles, as above, (the Angle P being counted in 
the JEquator^ not from the BigjDt Afcenfion of the Signrficafor^ 
but from that Degree which hath, oftentimes, been taken notice 
of, ^s that at the Medium or Imum Cccli) I ftek for the hxxAs 
Oor.H. 

And moreover, in the other Triangle^ R P, the very Elevd- 
tidn of the Fole above the Horizon of the Tromijfar : At this fi- 
levation of the Signifieatar^ if you oblerve that Degree 

take the given ^k of DireSion^ and the Remainder will be the 

^*''^*^ {oef^fi^^^ *^ ^^^ *^ ^^^^S^ ^f ^'^^ Br//>/i^* an- 
iwers, (but it muh be counted from the Elevation of the Vole 
above the Horizon of the Promijfor) and is the very PAi ^^^ to 
which the Significator will come, by this Ark of Dire£iion given. 



T&^ End of the AJlronomical Problems. 
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0/ Dialling «ff^emr4/. 

OF the JUatbematicdl Sdeuces^ T kfioW n6ixe more Inge« 
nious and Ufefbl then This of the Defcriptioi^ of Am* 
JD/aZr upon all. iorts of Plains, howlbever iituate : Nei- 
ther is there any thing that draws more Admiration from all 
knowing Men •, then to (ee ftreight Lines drawn upon a Plaifi Qt 
Unequal Difiances to meafiire out zxsL&iy the Equal Dwifiom of the 
Time of an Artificial Day : For, although thd ^un appears in 
different places of Heaven^ according to the different Seafaus of 
the Tear ^ yet, the fame StreighttAnes^ do (till detkmine the iame 
i%trr, at all tfaofe dififkent Seafcns. And as this Sdefice is of fuch 
• A a a ExceBeng 



^J 






j^ AhciUa Mathematical. 

ExceUcncj and Ufe^ I (hall in this SeSim^ briefly (hew (and that 
Iw i«i^ff^« net ufoailx pmflicec^ howi fuch flow-Iijf^ inay 
be d^ribed Rpon alt Kiiw# in^a^y part of tkeW<^- And that 
by Ttigoftometrical Calcuhtim^ as well as by projecting the ChrcUi. 
of the Gfo*^ upon a Hjw. . J \ I 

Now, All Kdfjwj have a partiailar refpett to fome Rwt, in the 
Laxituie of that Place^ whi«h .they fland : Wherefoe^ .fome 
particuiw. 5*^ aiySrre Vid94^&WWil®tl»8 (afco^ -'- -" 
the Varieties. We will therefore 
Jtv^nd (\vhich is ^"atejn 
our TxampUsfonamng.' 




•MaMaiw««aai*aii^aaaaaMaM^"^>^a^M*^*^>v^»' 



CHAP. IT: 
fthe Divttfty <>/• Plains, i^on tphick 



< ^ ~»* 



ALL flizw upon which. iSnw-DwIf may be madey in any Itf- 
titnde or Place of th^ Wolldi^e fituate either. 
FaraM J' 

P£i{:^ (or Goimhy) in^ which diey are. niadei. And, oE tfaefe 

inMfflaa 11 it — - - ——»•--*— -— _ - - ^ 

I. A Bitm that lies BtralUl (or £n;eO to thtHorixm^ la called.! 
an Horhumtal Pbfv, foe tie. IjSlitflcll^fof that Hwtf in which it is 

to fbuid. 
n. Of Bam thatte«.drMftiSRii(l^;^ Herhm,: 

tiiore ace ieveral Varieties. For, o£ liich Ftainsy i£the JRue dtiece-. - 
«f doth di»e^SH»«M4^ • .' ' '. 



• • • ■ t 
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But if fuch EreS Flams do not behold the Dire8 Eafi^ Weft, 
North OT South Points-, qf die Haijfpn, - they th^ will behold 
«ither , 

C&mb-Eaft^ , • . ,, 

The /^^-J^Ajid^nfliejtcatfecalfed'! -' • • ■ rrr 

North? ; CEaft 

at ' >EreB' PbAtt % DecUnhtg-cos ■ ^ 

Soodi \ rWeft. 

III. Of Ptew that lie 0bUqti4y tp the^flpnaow / (fiich as the 
ifo^^ of £feK/^, th6 <7<H^^ ^ 'i^i'^: «;c.) .are caljed MecMr^ 
^Platns. , Add i£ fhch Piams do behold the dired 

Eaft. 

Weft 

jjj^^SPoints of the Hmxan: They are then 

South _ 
%$j^d^rea Effi^ Jt^4l^]Nf^h or ^aiit6 Plains: tUcimnii&om 
tii^^2efdtb of the. Fl^oe in wMch (jbta Plain ^da ; 

But if iuch Ree^iAf Bain .d^tlft no( refiped the tiue^E^^ 
Wifft^ ^9rtbj^ or &ii^ Pointt^ then they will j(ie open either to ^ 

' '^^f iUia Aen^tftejat^^^c^^^^ - ' ■•- • - ' • -- 

North-Weft J 

•. : .1. • • r 

Southp - ^ ^ A^^ * ; ■ 

^r : >i?ecfip;g PWwj : t)ecUfung< or 

Norths / . . ^ J >C*^*^ .)iv' * /•••--> 
•And thele are all the Vari^ies oiMaim^ <iipon >vhidi }hwrlAm^ 

may he defcribed. ^ ^ n, ^ 

ly note,] That aH RecUtm^ $Um whatfc(ever^ tv:hether Dfr^ff 

or Dedhnvg^ have Two Faces ^ the I^^r-JRw^j, whi(;Ji beholds the 

is calkdthc JSJt:/f?/zW Piim ; And the Un^ 




2b«r6 of thePlace^ 

in- 

the 



da-Face j which beholds, the 'Bpjrmm qi^ rije Plape^jis qille^ 
ilnclmr: And one and the feme ODfaZ ierves for 'both.PlaciB.'' 






Aaa J ; . . . CH AP* 
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CHAP. 

Hov^to find the Situation of any Plain, vi reJfeS of Dc^ 
clination ^//^ Rjeclination/ m^ Latiindt. 

ft 

I. To find, the i?^rfwiatw«» 

tig. XmL Definhien. 'Tp H E Quantity^ ofT die Reclinatidn of a Haw, is^ 

X the ^ci&' of that Vertical or Aximuth Circle wiii(£i 
is perpendicular to the Reclimtg Plam^^ com])rehended betHreen the 
2^hiA of the Place aiid the Plain. 

To find which, let A B C I> reprelehtfoch a RecUnifg Plm r 
Draw, firft, thereen, by help of a Ruler and Quadrant^ a Ridie 
Line G H,. parallel to the Hmxm of the place \ which fl^ll be 
the Horizontal Line o£theL Plain. . Crofa this Line G H,.urith ano- 
ther Right Line K S at Right-Angles to ie ; which Ilfne K S^fbsSi 
be the vertical Line pf the Plain. 

• To this LineK 8, apply^ a ftreigftt Riiler K t : And to Aae 
cpd of it which lyeth clfear of the Plain, as at L •, apply a ^w^ 
irmit O E P, having a Thrid and Plammet banging from die 
Gentres Then fee what number of Degrees of the ^^ladrant are 
contained between O and £ \ for fo much doth that Flahi Xe^^ 
chne from die Ze^h of the Plaos 5, and is^ the RecUnatitm of ^ 



n. To. find the DecUnatiim. 

l^efnitioHi ^"T^H E DecEnatim of z.Bain^ Is. an Arch of the £Gk 
. JL rizM comprehendedbeh^een the Pok of the Pbnr, 
and the MeruUan of the tiace.r- — Or,. It is the diftance of the 
VUan itfetf, from ihiSi Prime Vertical Circh^ or Jxinmtb of EaS' 

cxTVen. . , 

To find out the DecUnatian of any Herfif,. there aie required 
two ObJervaticHs. to be made b^ the o^, both at the (ame 7?mf, 
as near as may. be.T— — The, Frrjt^ ©f* the Hermmtal Dijfance or 
die &m. fromrthe Fbleof:^eEdin.-^'AndtlfieSecand. Of the Sim's. 



h T6 find the Horizontal Diftcmce.. 
Apply* one Edge of the ^aJrant to the horizontal ISne of die> 
Abm, fo that the other may be Perpendicular toit \ and lit the* 
ISnA oi'At^adrant.ht, towards the Sm.. The ^drant thus. 

aggliedi 
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ipplied^tD tAe Plaw^ and held 2>i;^/ (as near as jrou canxonje-i?^LK 
^9e) hold up a 71E»ri J and Plummet at full Liberty, nearthe JEfz^n^ 
of the j^jJrimt ^ fb that theiS^<si(nF of the Thrid may pais 
through the Centre and Z/m^ of the ^adrant : And diem 
obienre the Degrees cut hj the Shad<m of the Tl&rii in the 
Limb (^ ike ^iadrant '^ and number them, from that iide of 
the ^mdremt^ that ftandeth: Square or Perpendicular to the^ 
Pildffr.- For th(£e Begrees are die Horixontah DiSance louglit: 
fer. > ^ 

ft. To find' the Sun's Jhitudei 
Hold up a ^adrant with both your Hands^ turning the Leftr 
fide of your Body to the Sun ^ tnen raife up, or deprefe the 
^nairant^ lo held, till die Sim Ihining through the Hoh in thsTt 
Sight which is neareft the Centre^ do cafi: '.its Beam of Light upoui 
the Hole in the other Sight farthelt from the Centre : And at fuchf 
time mark eiadly what Degrees of the ^adrcmt are cut by the 
Tbrid yiot thole "DqCTees are the Sm^s Altitude at that time. 
The Horixxmtal Diftance^ afid the Snn^s JhitndethusObferved^^ 
at die fame inftant (as near may be) will help you to the 
Pbin^s Declination j by the Rules following. For, 
R By halving the States JUitude; yon may find the Sim^sJzimutby. 
as in PRC»L. IX. of the Ufe of the CotkHal Globe m AJiro- 
mmf r And by CASE XI. cf;0. AS. T.. Then, 
Q> When you make yoar-ObJervation of the Horizontal DiSdnce ^ . 
Mark whither tlte S^adoup of the 7%n/ did fell between the 
Soutb^ and that Sde 6E the ^ladrant^ which was Berpendicu" 
Ur to the Plaitn 

Firfl. If the Stadantfalt between the^^: Then die Sun's - 
Jximutb bom the Sdutb^ and the Horizontal Diftance added 
together, do give the Declination of the Plain : And (in this 
€^) the DecUnatim is- unto the fame Coaft with die Svn\ Ax5^ 
- mktb 5 that is, Eajhard^ if the Ohfervation were made in the 
Forenoon 5 or Wejnpard^ if in the Jfternccm. 

Secondly. If the Shadovr fall Not betvueen them : : 
Then, The Bj^e^/c^ between the Swis AzimnA zoA^Horu 
xontal Difttmce is the DecUnatim of the.- Plain-: And^in this 
Cafe) — -If the Axhrntb be the Greater of the- two, then 'the 
Piain DecUnes to defame Coaft ^'hereon the iSiwf is ^ But if the 
H Diftance be the.Gcivatpr. ^ diea the Bain^ Declines ^the cwtrar^ 
Qoa^. 
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/"An^ Iftre A!?^] That the 2>^cf7Wim thus ftMiild^ is alwayB 
accounted itom die Scuub s and that all Dedmatiefu vae 
counted from either North or Seittb^ towards mther Efft 
or xr^ / .And naift never eiceed 9o*DegceeB. 
J. If therefore, The D^rees of DecUftaticm do ekoeed ^o d^. 
you muft taix the refidue of thsit Number to iSc d^. and 
. that fhall he the 'Plain's DecUnatim from the North. 
i^n. IT the Degrees of DecUnOitm exceed i8o ^ thea the Excefi 
above i8o, gives the Plaint Declination from the North^ to- 
wards that Coifl , which is Contrary to ^^o^j? whereon the 
/ Sw war,* at the time ciXybfervation. 
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C H AP IV. 

■H»p Hour-Lines fnayhc defcrihtA upon an Tforizontd 
Plain in My Latitude-j viz. &f London, 51 </, ^o«r. 

L By tfie Globe.. 

ELevate the €rlc^^ to the Zatituie of the place for tvhicii jo» 
would make ^our DiaJ^ (lijppdfe f ca: Xofrion , in the Lrhtude 
of J I deg. 30imm.).Thenbiling <h^ ^V^^ei. Eg^^oSial^bat 
(which k the firft point of j&iet alfbi) tQ Ihe Meriiian^ 4nd (if 
you will) ther Iffiferlof die 'Howr^Cmh to I a. Thifi done, 

1. Turn the^Giofo uhtmt Weflnford^ till the j^mr-iif^M' points at 

I a Clock, or-rather £till 15 degrees of the £^iH0£Fitfi{ come to 

'he juft imdePtheiMmdian'^ and mere keeping tke-Gbh^ look up- 

'on tj^ HorizoH how imtxy degrees therec^ are cut fay the Equi- 

'noSialColnre-i which you (hall !find to be 11 deg. 90 itiiHi which 

fet down in a little T^le, as 3^011 fie here is 
done I for this 1 1 deg. ;;o min. is the4iftanc« 
that the Hovr-Unes of 11 and i. a clock bredi* 
Aant from the Meridian'U^n the Dial Plain. 

2. Turn the Olobe wace ^^efipord^ till 30 
degrees of the EqmnoSial comes to die Meri- 
diariy and then iee what ^de^ees of the. Hori- 
Tmdat cut by the EquinoBtal Colure ^ which 
you will find to be 24 deg. :2p . min. wtuch note 
down in a Table as before, for that is the fiiwrr- 
diftanced 10 and 2 a clock from the Meridian. 



.t 



atitude 5:1. 3 c 




?; Turn the GHq ftiU nioje Wefiward^ till 45 degrees of the 
EquwoSial come to the Meriiicm ^ and th^n fhallthe EmthwSial 
Gohtrk(M ^S dleg.* ? flttn. of the^^or/^^m ckuistedfroiiijthe Jkn- 
dk^^ %yhich-fe the diftanc^ ©f i9^nd ? axlbcfc • M 

Do thus with the other hours of-8 aiiA4, of 7 aud'5?^. iind fb » 
fliall the Co/iir^ cut 90 degrees at 6acloc]{;^ of when 90 degrees 
>- of the EqukoSral comts^to the IferrJhn. And this being done, 
wur Dial is fo far made as the Olobe can aifift yeu. 

U.Xbe^0^oMarical ^Jipn8i&k:0f tkk J^ialy in eritr to tbg Ti igsm- 
tricA} Cdlculatiim. . * . . . •. .' 

1. With 5o Degrees- of a! Scah d Chords] defcnbe a Circle re- Bg* ^ 
pre&nting t6jax DhUphin^ and Mdriion of the P/flre?^, (viz. Low- LUL^. 
^.) Qols it with 2: Diaiiiater& S N^ rdprcffenting the JikrUicm 
oiFthe'O/ofe^' and Awrr^wd? of XII 5 find the Line EW, for the 
Hn&-Uf!e of VI :, tJien^will Z reprefent th« Ze^itb ol the PJace^ and v 
be the Ctotte of ■ theESal. - i * 

2.- Thfe EatiHtds of the Place being 51 d. 50 m. &t them from ^ 
S to a^ and from W to J : The»a Ruler laid from W to «, will 
crofs dieil£fr7«?imSN in P, the Pole of the JTi^U^r And laid 
^om.£ tp b^ it will.crofe the Meridian}^ Sin JE, the int^ffefti-- 
andt t&e Mefidim and MqmnoStal ' Ai\d now. j6tt have three 
Points^ vtTL W, JE, E ^ tfiroug)! wfeich ybu may defcribe thi 
JEqmnoSial Circle W ^ E, whole O/tr^ will be at c, always in c 
(bme part of the Line N^Sj extended^ if need be; 

^. Divide the &micirle W N E, into 12 equal parts, at the 
pomts © © 0, ^c. And la3m)g a Rulet to Z^ and every of thofe 
jppints G.©.j05^ it will crol^the JKquhoSial Circle W^E, in tht 
points ^^^y O'fi.. .dividing that Semicircle, into 12 uncqyall 

parts.. 
' 4. A Ruler l^dto P, the Pole of the World, and to the feve- - 
ral points ^^^^ Cfc. it will cut theCircle of your Plain in the 
points 1,2, 3, O'er, on the Eafi-^de of if, and 1 1, lo, 9, C?V. oa « 
tfaeHre^-jWiTorN.. 

laJtlf.M you lay a. Ruler td the Centre Z, andlherefpe^ 
aive points i, 2^, 3, ^c. and it, to, 9, &C. they (hall be th« 
ttue B6ur*Urie% belonging to an Horhontal Dial for the Latitude 
-of SI de. 30 m. And their relpeftiye difiances from N vrill be the .. 
fame ,aa inthe Ttffrfe ^y were found to be by the Cffofe. w 
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I jj HL ByTr^montetricalCalculatim* 

tn^ thefe Horizontal Dials, there is nodiiiig to be found by Gif- 
culation Try^mtometrical^ but the Bbvr^ijtancei upon the Pkdn&om 
the Meridian *j for whidb. This is 

The Ginon for GalcuIatioiL 

As theSine of 90 de. 

Is to the Sine of the Latitude P N, ^i de. 30 nv 
So is the Top^ent of i $ d (the JEqimaStalDifioHce of One haar^ 

of ^ d. f(»r Ts^ hours ; of 4; d. for Tlree hours, &V.) 
To die Taf^ent of ii d. 5:0 m. for 11 and i — of 24 d. 20 nk 
for 10 and 2 — for 38 d. j min. for 9 and ;, &^c. as, ia die 
Table, before found hj the Globe. 
So have you all the Hour-lines between 5 in die mormqg and 
6at night \ and for the Hour-lines of 4 and $ in the mornings 
and of 7 and 8 at nig^t, diaw the fame Lines before and after 
6, through the Cmtre, as in theFiemfe, anddiey (hall be the true 
Hour-lines : And fb is your Dial finifhed. 

The Stile muft (land u^ght at 1 2 of the dock, not incfiniqg 
on either fide. 

And in this manner may you defcribe Hour-lines upon an 
Horizontal Plain in any Ladtude. 



C H A P. V- 

How to defcribe Hour-Lines updn an Ereft direft Soiidi 
Plain, in the Latitude of London, 5 1 deg. 30 »• 

AN £re3 DireS South Dial^ in any Ladtude, is no other 
than an Horizontal Dial in that latitude, which is e^ual 
to the Complement of that Latitudein which it is an Ere8 DtreS 
South Dial : So that an BreS DireS South Dial in the Latitude of 
jfi d. 30 m. will be the lame as an Horizontal Dial in the Lati- 
tude of ?8 de. 50 m. which is the Complement of 51 de. 30 
m.— -So that the makifig of fuch zDial^ both by the Olobe and 
by Tri. Calculation is tlie fame witli the other, only infieafl of 
?i de. 50 m. Latitude you fetyouf* (Globe to 38 d. 30 m» andfb 
in tte^Oilculatianalfb^ But in thele Dials diere needs no Hour- 
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Lines to be drawn through the Centre 5 for that tJit Sun never F% 

Shines upon them before 6 in the Mpnthfgy nor after 6 at Night. LIII, 

The'i»ife of thefe Diakmud ftand upon the Hotfr-Liner of 12, f 
and muft point downwards tox^^rds thef South Pole. As in Fi- 
gure LIII. 



C H A P. VI. 

T^ make m BreS DinS North Dial, m the Latitude of 
London $1 de. ^o mi. 

TH E North EreS DireS Dial^ is the fame 'with the South, on* Fig. 
ly the Stik muft point upwards towards the North^Pok, and LHT. 
the hours about Midnight, as 9, 10, ir, 12, at Night ^ and i, 
2 and 9 in the Morning inuflr be left out, and 4. and s in the 
Morning 5 and 7 and 8 at^Niriit muft be drawn through the 
Centre : So is your Nurth-Dial alfo finifhed, as in Fig. LIVt 
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T0 make m EreSf DireS Eaft or WcftDial^'x tke iMitude 
i^London, 51 de. %om. 

L By /£e Globe. 

THE Globe reftified to the LMtude, the Inlex to 12, the pj^ 
Quadrant of Altitude in the Zenit)) : if you turn the ^f^- ly^ 
drank ej Altitude lb about till the graduated edge thereof do be- 
hold the direft Eafi or Fiff-points of the Horixm, you ftiall find 
that it will lie in the very Plain of the Meridian-Circh^ and fo 
the PoU will have no elevation over it \ for turning the Globe about^^ 
the EqmtoSial Cohre will not cut the ^adrant of Altitude in aay 
particular degree, but it will ciit all tlie degrees thereof at the 
lame time ^ wherefore the Hour-lines of thele Plains will make no 
Aj^ks at the Pole, and therefore muft be parallel one to the other, 
which the Globe /evidently demonftrates, but will not conveni* 
cntly give the parallel diftance of each from other, they being 

B b b nearer 
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Fig. neater or farther off each other according as the StiU is proper* 
LV, tioiiedto the Plain, which I fhallnow come tofhew. 

For thcReafonsaforefaid, Xhexti^noTrigwtometrical Calculation 
required in tlie making of thefe Dials ^. and therefore, I (hall pro- 
ceed to 

IL TTje G^omctricalCo}jftru3i(m xf thefe "Disiik.^ 

tet the Plain upon which you would make an Eafi or Wefi TfT^ 
a;,beABCD. 

1. Upoii D (or any where towards the Tower part of the line 
'BD, ioxv^EaJl Dial, or of A € for a W^ejf) with 6o degrwsof 

your Chord, defcribe an Arch F G, typon which fet the Comple- 
ment of the Latitude of the place, vii^ 38 deg. 30 mill, firom 
. F to G, arid draw the Line D G E for the EqmoSiaL 

2. Toward^theupper part of this Xine, as.atP,.afIume any 
point, and through it draw the Line 6 P 6 perpendicular to tli 
Kquino3iaJ, for the Hour-line of Six,. — ----Alfo,td\vards the lower 
prt of the iame Line, afliime another point a& L,. and. through 
It draw the Line. 1 1 L ii. perpendicular alio to the Equinoctial 
for the Hour-line of Eleven. 

• ^With fjCi degrees nfyour jCWJ*, upon the point L, deCznbe 

a fmall Arch of a Circle, as H K, and upon it ( alwaj^) fet 1 5 
diegrees (or one hours diftmce )from H to K, .and draw the Line 
L K M, cutting the Hour-line of Six in M. 
'•* 4I Upon Mas. a. Centre, with^ode^eesof'yoarCSorif, de* 
fcribean Arch of a Circle NO, which divide into five equal parts 
IB the points® ® o. 

5. Lay a/. Ruler upon* AC^, and each pf thefe points ® ® 
and the Ruler will cut the Eqimwilial-line E D iii the points ***^^ 
through .whirfi ^ points, if you- dra\VrRight Lines parallfel-io the 
Hour-line of 6^ they Ihall be the HourJiH€s^.of 7^8, 9, and '10 
of the Clock, tlie Hour^lines-of -^ and 1 1- being drawn before. . 

6. For. the Hour-lmesof 4 and y in^tlie Morning^, before 6, 
they retaiathe iame.diftance.fi:oin,6, as,dothefhour$,o£7and 8-, 
and thus'ia your Dii/ iiniihed. , . 

The S^ib imift fiand upoii the Hour-lin^vof^ '6^^ and^ be- e- 
lev^ted fo hig}> as is the length of the. Line M P,. and .imy either 
bfe a Pin of Wyre. or a Plate of Bmfi or Iron. 

The WeUDiat is the laiTxe witb tlie Eail^^only. changing the 
' «lfl3es. 9£ the >Hqiir§,.. 
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For Fig. 

4» 5» *i 7i 8, 9, 10, II in the Morning, in the Eafl-DiaL LV. 

Muft be changed to 
^» 7» ^> Ji 4i >i 2, I in the Afternoon in tht Jf^cfi Dial : 

which is all the difference. 



CHAR VHL 
Td m^hean'ZTidil^lBl^ declining from the South, Eaft- 
ward, &r Weft-ward j 30 degrees in the Latitude 1^ 51 
^deg* 30 mm. 

I; IS^ti^Globe. : 

THE Giobe being Re&ified to the Latitude of the plac^, t|ie 
^fairmt rfAkituie in the Zmit^, the Index of the HourOr^ 
de at 12, and uxeHqmoSial Cobre brought under the Meridian -^ 

1. Gxint the Declination of the Plain upon the Horizon^ from 
the Eaft or I^-pointsthtfeof (according as the Plain declines y 
towards die iSoiir> .* namely, 30 degrees.^ and tO: that point or 
the HiirrMf bring the Quadrant of JUtitudey and thiare keep it. . 

2. Turn theule^ about till the /ifi^x of the Hour-wheel cuts 
1 1 of the Clock, or rather* (as I iaid before) till i; degrees of 
die EqmoSial have palled the MeriJRmy ana then fhall you find 
die EqmnMalCoharetodat the Quadrant of Altitude at 9 deg. $0 . 
mxiL if you count die degrees from the ^i»ti^ /^o^ftdownwards.^' 

3. Turn the GMe tsamex about, till 90 degrcses of die Equi^, 
ftoSialhe paft the Ma/idiaUy aiid then fliall yon find xhtColwre t^ 
euttheJ^A^ant of Akifude ut 18 deg. i4min. counted from 
iheZemtb downwards as before. 

JL Do the like with all the reft of the Hours, 
[ you fhall find that at thiXei^eiial 1 $ degrees 
of the E^ineSiaL the Equino^ial Celure wiU 
rut fiidi degrees of the Quadrant of Altitude m 
are ezprefled in this TaMe, if you count them 
from the Zenith downwards,as isbefbrie direfted 

This done I 
$. Bring the Quadrant of Altitude to the oh 
ther fide :pf ih^/Heyzdi^- and fet it^to 30 de- 
en^ th«. .Plains .dcclinaticki, counted, from 
B^^ o^ l^-^pcHitts JNohbmard^ as you did 

^ / Bbb J befiire 
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Hour-di- 


Ho^rs 


ftances 


trom 


upon tBC 


Noon. 


Plain.. 




<r* Tn» 


12 


QO. 09 


11 I 


09 -$0 


10 2 


rS 14 


9 3 


26 .19 


8 4 


34 5<^ 


7 $ 


44 ^ 


6 6 


57'49' 


5 7I 


7^ 37 
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Hours 
from 
Noon. 

12 

1 11 

2 iO 

3 • 9 


Hour-di- 
flances 
on the 
Plain. 


d. m. 

eo oo 

12 2J 

52 42 

8o 07 



FigJLYI before towards the iSbz/ti&, which will be in the juft oppofite 

Eoint of the Horizon to which it wai before j and alia, bni^the 
'qxmw^ial Colure under the Meriiicm. Then, 
6. Turn the G7(7^6? about (the contrary wajr 1^ what jnou^did 
before) till i? degrees of the EqimioShI be paft the Meridian^ 
and then fhall you find the EquvnoSial Colure to cut at 12 deg. 
23. min of the ^tadrcnit of Altitude counted from the Zcmth. 

And fo; continaing turning the Globe about 
till 3[p, 45, anS- 60 degrees' of the EqianoSR- 
al have p^ed the Meridian^ you Ihall find 
the Eqiiholiial Colure to cut the ^adrant <f 
Jltitude at fiich degrees as are ezprdUed in diis 
Table. , , 

The Hour^^iftanctt upon the Plain being thus 
ahamed, then ate two other requifites in all 
imright declining IHah alio to be fidmid by die 
Glde^ before die Dial canbefimlhed. Nainely) 

iv Tfaediftance4)fthe&^/;&fronitheAf^^ 
i. The height of the Foh above the tkhty or tiie hsi^^tfae 
jSiib above the &^/£k 

^ To ftid both wWch^ 

Bring the EqmHoSial Qolmr4 to the Plains decluiation 30 de- 
grees 4XN2nted u^n the Hwham from the SMb^ajhard^ aad the 
^uairamt oi Jlliudet6yD d in the iftrixMi firons 

the Euft^NonJmmd : So fhall ^$kaimAoA^ Calm at £^it 
.^fei. And • 

The number ^ 6epee$, of tte ^^uairmt contained bctiran 
this InterfeSion and the Zm/ti^ (whidi hare is 21 deg. 41 min.) is 
the difiance of the ArM//^ from the Metidicm. And die d^ees 
ef the Colwt contained bdtw^een dri^ BtterfiSitn said ihi Nk 
(which hdre is 32 d^. 37 mhi) k die keig^tt of the Bok above 
the PhiiT^ 

IL TMeQeometricatpr€jleffimo£iS[MlHal^ in order to the Tri- 
goHOTuetrical Calculatiou o( the Hour iipmctt and other jfcjw- 
jfifi^ibebi^ingtoforhaa EreU Dtcknh^ ffmns^ 

L Upon the. Point Q , as **Gehtre, With -60 de. of ft &«fe of 
Chwtis^ deTcribeaCifele, r^f*?ftntittg,;*^ /tifet And 

cro& it wkb two Diameteci 2Q.K^ iw ^ f^tfik^i mti H 
Q:0£orih^HorizoutalLiuei)iihQPlai»^ 2. Set 
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t JO deg. t^e Pl^sDeclhtatian^ from N to c^ if the Plain F/)^. 
E^flw/xrd^ 35 in ^is Bixmnple 5 or from K to e^ )£Wefirpari\ LVL 



2. Set 
Decline 

Then lay a Rtrief ftom'2 to c, an3 it VHl cut the Harhontal Line 
of the PlwV^inXy fo hav^ you three PoiptsZ, Kand >I, by which 
to defcribe . the Arch Z K N, reprefei^ting the . J^idi'^n .of the 
Place. Arid to' find the Pole thereof*, &t 90 d^ ftom r, to i, and 
then a Ruler laid from Z to ^^ will cut the Horizontal Line 
H O, in W^ which is the Pole of the Mmilm Circle Z K N : - and 
the Weft-point of the Horiz* 

3. Set 51 deg. 30 na. the Latitude of the Place, from O to i, 
and from N^to fr : Then a JHulef laid from W to a^ will cxofi thp 
JHeridian in P, the Pofe of the World : And laid from W to ^, 
it will crofi the Meridian in JE^ the point through which the 
JEqttpto3ial Circle is to pafi : And now you have two points W 
and JEy throuj^ which the .£quinoftiul Circle £ j^pe inay j^ 
defcribed (by the XXI G^otBetrkal Problm^ Lib. i J , ; * 

. 4. Tlu-ough P, the Pole of the World, and Q, the I^ofe dF the 
Ptiiir, draw the ri^Line PQ, for the Axk <£ ih^'W^ld^ 
and Svlhfiihr Urn m your I>/a2 : And in this Line ^extended) 
will the CeHUr of the MfrnmSial Circk x £ x be found. 

5. From P, the JFy? of the FirW, hpr a Ruler to -«; tiieift- 
terfeOion of the Meridian and JEquino5ial, and it will cut th^ 
P£7mB : At this point B, bffiin to dkide tibe SenAcirckH K O 
of the Plain, into 12 equal Parts, at the points o ® €>^ &c. 

6. FromQ, (die Pofeof the Plmt) ky a Ruler to every of * 
the pomts 00 ^, OV. ^nd it will c:^^tJSiqm03i<^lCirflfi2^ 
JEx, in the the Points ^ ^ *, tfc. 

7.. Lav a Ruler to P (the Pole of the ForM) and evety of the 
points **^, e^r, and it will cut the Primitive Circle reprcftnting 
the I>ia/i%m, in the points N, 9, ro, 11, tSfc. onthe JT^iRde^ 
and N, I, 2, ?,C^^, on the Ea^ fide of the Meridian. 

8. Laftlv^ Lines drawn from the Centre Q. through thefe 
points, fhall be the tnie Hour-lines of an EreS Plain DecUninf from 
iheSoutl-Eafiiuird g:o d^ in the Latitude ^1 de; ^ojTn. And ii6\a^ 

Gmccming the other Requiftes belonging to this EreS Decli- 
iyfg Plain. 

Thefe are all of them reprefented to the Eye in the Scheme ^ 
the ProhSim of theP/j/« : Wherein, byaheihterfwaion of the/^-v^- 
ralCircies there is cofiMueed ^Right^'Oi^.^btricd'Bim^leZT: P, . 

in whjcfa) 

The 





28o AnciUa Mathematical 

Fig. CZ T isthe diJlMce of die ^uM^'fefiomthe^MbviZA 

LVI. Theiide^PtheQ)mplementofthe£<itir»i?Qft}iePla^ 

P the 2r^j[&t of the Po& above the fbof. 

^P Z T, the Complement of the Pbrn^i D^cfiMtM; ' ' 
.The Angle^ P T, thePWs iiference oiLonptuii. 

:Z T P, is a Right Angle. 

'And all thefe Sides and Jt^les may be itaealured upon the ProjV 
aion it felf, bj the Precepts deliver'd in the firft Awi, SeS. III. 
• of Spherical Tngaiumutn QeometricaUy perfturmei by ProJeSim. And 
^diey will be found to be as here ezprdlea, vrs. 

de. m. 

21—40 

38 — jo^Angle 

32—36 

And novir I (hall (hew how all thefe may be found 

By Trigoiiometrical Calculation. 

Before any EreS DecUnhg Dial can be made, diere are Jhrm 
tbif^s which muft be found, befides the Hmr-diftances^ and diofe 
"are thefe: 

1. The height of the Pole (ot Stik) above the PLm. 

2. The diftance of die SvimiU from the MeridioH. 

3. The PloiH^s difference otLcmitude. 
All which may be found in the Triaigk Z X P : In 

is given (befides the Right Angle at TJ 
(I.) The Agile T Z P, the CanylemeHt of theJSiw'i 

60 deg. 
(2.) The&'&ZP, the Complement of die XirtitaJ^ of tte 

Place 38 de. 30 m. 
By which may be found, 

J. The ■iSf& T P : The Hg^bt of the Pole, or &ik^ abovcflieHiw: 

BvCASEI. of R.A.S.T• 
■ 'As tne Radius, S. 90 deg. 

Is to the Side Z P, 38 d. 30 m. the Co-Latitude. 
45o is the Sine of T Z P: the Co-declination ^o de. j 

To die Sine of T P, 32 deg- 26 m. . , . . 
c * 'Which isthe bdgbi of the J%j?.(Qr.^J ^iove die JPfonr. 

' ^n. The 
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Fig. 
. Th^^ide Z T, The Difiance of the Sub-Jik from'thfe JlfmV/W : LVL; 

Bv CASE II of R. S. T. 
As the lUdius Sine 90 de« 

to the Xaogent of Z ?>, the Co- Latitude 58 d. 50 m. 
So is the Cofine of T Z P, ?a deg. 
D the Tangent of Z T, 21 de. 40 m. 

Which is the Diftance of the Sulhftik &om the Mendian^ 

I. Tjie Aigle ZI^ T', The Plaki Hffermce. of LoiigituSt : By ' 

cafeiH. of«. ^.ii r.. 

As the .Radius, 
\ to the Tangent of the Declination T Z P, 60 deg. 

So is the^Co-fine of Z P, the Co-Latit, 51 de. 30 m. 
o the (^Tangent of T P Z, ?j de« 25 m* i 

' Wtticbiis w^ Flain^s difirefw of Lotptude: .1 ! 

Thel^ three Requisites being thus found by Trigoiometrical 
ilculation^ The Plain's DifieKnce of Longitude 36 de. 25 m. 
lling between 30 and 4$ deg-, (which ace the Second and Third, 
^quanpdtial Hour-diAances) there will be contained therein^two 
mpleat Hours, and 6 d^g. 25 in.'x)ver : whiih fhe\vsi that the: 
b^lar Line of the DiaL will fall betvtreen the Hour-jLines of 
: and. X in the Morning, (ii? this EaftDial) but between the 
Dur of 11 and III in the AJfteipioon if the Plain had Declined 

eflw^^ • ' 

Having proceeded thus far. Prepare a T^ble-of Hcno^ 'fit foar' . 

ft .PlaiPv. fiicfe>is^W h?re done. . ' ; 



AsTd- 



2%1 

LVI. 



Fig. 
LVII. 
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A TabU if th Hour pi\ 
fiances^ for * Sffutb-Dial^ 
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' 90 ii^. In the Latituie of 
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Then ag^inft XH, fet the inatns 
Difference oftongxtuie 26 de. 2$ min. 
(in the fecond Column) and from it 
fubftrad 15 deg. and there will re- 
main 21 d. 25 m. which let againft 
XI. aflidi : And from 21 d. 2 1 m. fob * 
ftrad: 1 7 de. and there will renyun 
6 d. 25 m. which (k againft X and 
IL And ( becaufe it is lefs than 1 5 
de.) write the WordSub-ftile over it, 
and fubflbraft it from i^ deg. and 
there will remain 8 deg. 3; m. 
which write oyer Sub^k , and a- 
gainilthe Hoars of IX and III. Then 
tothefe 8 d. ?5 m. add i; deg. and 
and it makes 2% ie. 25 m. wmchfet 
againft Vni and IV : And thus, bj 
the continual AdditicMi oiP 15 de^. 
you fliall have fuch JEqiSmBtalDt^ 
fiances as in the Table : Which Ta- 
ble, thus prepared, the next thing 

will he 
To find the true Htmr-Sfiances up- 
on the Plain^ from the Sub^ik. 
For which. This is 
lie Canon for Cakuhtitm. 
As the Radius 
To the Sine of the Stiles height 52 d. 
96 m. 
So is the .Tangent of the JEquno- 
Sial Difiance 6 d 2 y m. 
To the Tangent of 3 deg. 28 min. Which is the Di/tance of 
the Hour-lines of X and H. upon the Pbin from the Sub-ftile. 
And fo will the Tangent of the next Jul^inoSial Difiance 21 d. 
2 J m. be, to the Tangent of 11 de. 56 min. for the Difiance of 
the Hour-lines of XI and I, from the Sub-ffile : And fb for all the 
reft, as in the Table. And fo you will find them to be in the 
Figure alio. 

And in the making of this Dial you have made four 5 as in 
Fig. LVII. 
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Pot, ifyoo hold the Paper upon which the Sonth-Eaft iedinhg Fig. 
Stalls drawn, arainft the Light, then fhairyou dilcover the Stik L\ii 
to ftand on die Rigbt-hmd ^of the Hrm ^ whereas it now Hands on 
the Lefi'hmd ; (b die iame Hdwr-Unes^ Sub-ftile^ Stile and all^ be- 
ing drawn on the back-fide of the Paper, and thofe that are the 
Forenam'hmirt in the Eotfi-ieclimr numbred as the Aftentom-hotirs 
in the JTe/t-iecSner 5 that is,- call li, 1, and ro, 2, and 9, 5, G'c. 
as in-the Tables \ (bfhaU fhe.Soutb-Dzal declining Eaji 30 d^lites, 
become a SaatbMial decHning Widfmari 90 degrees. 

And if 70a turn die SantMiaflJhal op^deadown, So that the 
StiU nuf point upwards towards me UmbPoky (and leave out 
the Hours about 12, as 9, 10^ 11, and 1, 3, and 9, whidi in 
N^th Dials repreieac 9, lo, and ii at Mi^t. and i, 2, and 9 
in the Momiog i aH wiiicii time (in diofe middle LatkuJes) die 
Sun is under the Hptittm) it wiU become a North-Dial declmii^ 
Eafiwari j^o degcees. 

AKo if yuu tmn the SoaA dflrliiiii^ Wi^-Dial uplnle-down, 
and leave outthe hours about ifidn^it, as 9, 10, 11^ 12, i, 2, 
and 3, it wiUdien becomea Nam^Hd declining Wfjtwmri 30 
degrees. 

Now for {uchAnf^ .or 2\Svll Didi at do decline fiu* towards 
Bafi or Veft^ as 60, 76, 8<x or 8f degrees, there 70U fhali finil 
that the Hour-diftandft-will fiillfo near togedier, that diey will 
be of no competent diftance one from anoth^, except thej be ex- 
tended venr nr from die Centre \ and dierefbre the old way hadi 
been (in toch Cafes ) to diaw^ the DiA upon the Floor of a 
Room, extending the Svb^U^ Stik and Honr^Snes till they appear 
nf a competem diftance from eadi other, and then according to^ 
die bignos of your Dialflain^ to cut oiF the Howr-imes^ Stile and 
Sticks and u> transfer them from the Floor to the Flm upon 
whidi the Ditf/is to be made : but this way being to Mechamcal, 
for an JSs6St to ezercife, I Ihall^dierefore here iniert a more ani-j 
ficial war of performins this woric (letmetriealfy^ by whieh (al- 
d}ough the Dial fliould decline 80 or 88 degrees) upon a quarter 
<if a (heet of P^per 3rou may draw your Dial^ and have the 
Stile of a competent height, and all the Hour-lines at a conveni- . 
ent difbnce one from anodier. And fo let this fuffice to be faid: 
in this place concerning i^^ decUniffg Dials ; fori intend not, 
here to teach the Art ofDiaaitf^ but fliew the Ufe of the Globes :, 
4md from thence to Calculate the Requires from them Trigono*. 

metricaillT* 

Ccc CHAP. 
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CHAP IX. 



h- 



CdHcemingJucB'ETcStSoatli ^ North Dial Plains, wbta% 
decline many, degrcts tifffidr^s^the Eaft Md Weft; . 

% /np-H E Oncraridn by Ae Gtkft* &. altcf^^ tte^fec^^ aa-in^ 
liiinn*. X ^t\zu,i Chapter^ and d^irofbce oeod mctrbe here fgAu^re* 
peated.. Wherefore^- Iwill procfle^ to.^.^, 

O* The TrfgommtOmal Gsilcnmtion. 
This^Wcrit^alib iifio he JKifoFmei ift L&e tbaonar as the For- 
Qier : And thetefoiel ftiaU not agpia repeat 114. but ^i^e. ao ^x^* 
pfc ready wrou^ti 

. &ppo£e an JBr^Il^ff (i^e^^o 

.n flumld. decline from^tiie Snth. tonrards ^«>5^ 8;. 



•■ » ■*■ * .« 



li Fbr fhkui^ the Sequlfie^M you work according to thofe Gr- 
'r nam &r S^iicsiikicnr^ in li!tidMt&i)p»Ai^ ;, jw will 

C^k,ofthfeai^(or-aifc>biiiw^ C 3 c6 

The<I>(^^^ of the Atb-^ilf and jM^ vrt0be<?9. 21* 



MonL AfL 



nMal \fiiinus€ 
DifUtK. 



!i)hMri)/i Theft &9ir^f?i ^)«^ f^^ yon 



Xii 



^ , may proceed' to the mating ota Ts^ 

Ifff^ *lr for the flb«r^}?d»carMkefpc&, 

a - M. p. M. 9SJSL the laft €lttpter J , By ietti^ 

AvfwikAit Mom jvm>^ 
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rence tf l^gitide^ 86d. ojjn. from., 
which Subflca£l 15 ^. . and dwe. 
will remain yi-d. ofsm^ ii4)idi & 
aguuiftXI aodli.AadirQmiyi d. o^ 
ni. fubftpafi I j: de.^tbeirQmaittdvwilL 
4k 56 d. 0$ ni. which 4ot ag^infir X 
andJI. And fo by thecontioual Skk-^ 



.'fifoBim^t ly 3eg, "you (hall find ii de, oy m. to iftand againft iF^if. 
^^the Hours of VII and V j under which wrife The place oftheSnb- LVIII. 
. JKk : And dien, fubfttaft 1 1 d. 05 m. from i j de. there will re- 
main I 4^. I ; &L which muft be fet under the Sttb-JliU^ againft 
'^the '/feftr of VI : Ahd theii, by the continual Addition af 
1 S deg. thereto ^ ypiJ mail have fiich J£qHino3iol diftcmves as are 
•eiprefled-in the Table, againft the Uoun of V and VII, and IV 
andVIII. Then 

II. For the Fwe Hour iifictnces tipon iU Plain : If you work by 
the Canon delivered ih this laft Chapter, you will find diem to be 
•tnch as are exhibited in the Third Colnmn of this Tahb. 

• By this Tabhy^ yoii fee th^t the Five Hour Dijlances uppn the 
^lain about th6 Sul-Jtite (and indeed all'thef^ft, except the extreme 
Hour of XII) do fill fo near together, that without a very largb 
' cxtention of them from (he<^Attre^ theU will b6 no competent £- 
fiance between Hour-line and Hotar-line : Whertfore, laying afide 
jourTdbte^ j)roceedto itbk^yoilt t)iat Giofl0tical^^ accordi^B 
to the following Precepts. 

-HI. The Geometrical t^aJeSioHy oit}^(ait thi like) DhtivAieh 
the JPbU hath but fmall Elevatiott abore the tl^. 

t. Draw aRigiit Xixie A B, perpendiculat: hf bn4 fidedf Vottr fu 
* - ^ ^ -r^ds the Right Hand:, becauf? . the Plain flecl|he^ 



yilj/w, .and tow2M:4s the Right Hand^ becaufe the Plain flechfaetfl TJYL 
Eajhard^ And with .io deg^ of a ^caU of Cbbfis^ defe^ioe ah 
obfcure Arch of a Circle C D E ^ and unon if fet 38 dev^M xn. 
the Siihftilei difimce from the^ 'Meridian^ from C to X)y and omUr 
the Line A D, for the Snb-ftite. , 

2. Take 3 dee. 6 m. the <$tii(^i &d(&^ ^ and let tfiem'^from D 
toE, drainngtheLineAEfoirtheltfi^oftbellftfl'.; 

3. Now (becaufe the iSIrii^ is but of fmall Elevatim^ ^f^-^ihut ; 
de. 6 m) draw another Lbe G H, parallel to the Litie of the 
Stili A £, at fuch convenient diftin^ as in. votir jnd^olent will 
befl: lit the fHalPkin^ fo that thq Hpurs bwmiiig to^it^ iom" 
come wfithiff the limits of the l^Iain i "So ffirfll Qiat Hii^^ 0Tt^ 
:j(b drawn, be the Jifgment^f Stit$ pf fhp Diat' \ ^ / ' *\ ' 1^ 

And, hj the Sm-fitUy and this,, J^gw^/'o;;il?, * the iK?i/r- 

Unes maybe defaibed- (at' convenient diflancej) witlioijt 

any regard had to the Cwb^** of "AeBjaf.^ For^ ' \\ 

A. Ailimie any twopoints in the Svihiilar Liheof tlie tJtarKu^ 

'JAlhp^t^ convenient oiftance from each other, as R and S : and 

tmt>i]gh tho(e two points, draw ^two infinite Right lines, both 



^^' Ancitta Hathmdticai 

fiv of them at Bight Jxghs to the Snb-fiilar Ihw A D ^ as the l^asr 

Ttv 2^RZandXSX. ^ - . « • « . , 

5. Set one foot of your Compafles in the Bomt R, and take 
die neareft diftance to the new Jbgmentei Stile G H v and let that 

diftance upon the Suh-Jfihr Line ftom Rto K. ^Alfo from 

the Point S, take the neareft diftance to the Jvgment^d Stik G H^ 
and fet fliat diftance alfo upon the Svb-fiilar Imc^ from S to Lc 

6. Upon thefe two Points K and L, (with 60 dc. of a Scak 
of Chords) defcTibe two Smt-Cirdes : and in either of them (et off 
86 A. 05 m. (the Phm Difference of torgitude) from R to M, 
and from S to M, both of them on the lame fide of the Stdhftilar 
iJfte^ on which the firft Pejjfendicuhr A B was drawn. 

7. Divide either of the Semicircle into i a equal ports (begia- 
ningat the. pointsM). at the feveral points o O ©, &c. 

8. Lay a Rular to the point L» and to the feveral points 
© © ©^ (fc. theiRulet will crofi the Line X S X, in the poinb 
"^ * *^ efc:.— ABq, Lay a.Rulfer to K, and the rel]pe(Skive Points 
© ©^ ® (fc. the Ruler wUl crols the tine Z R Z, in the feveral 

Points*'**,©'^. ■ . 

Laftly, Lines^drawn from the feveral Pomts * * * m the Line 
Z R Z, to the^feveral points * * * in the other. Line.X S X each 
to its CcMwfoondeiit, (which the Sub-plar Line will direft you): 
thofe Lines fd drawn mall be the true Houx-ISnes vtoi^ for die 
• ' rtah : And will be at a competent diftajice one from the otter, 
as by the F^ti they do app6ir j,tJie.lJigHt whereof wiltbe more 
fatisfaftory than many Words. 

Note, that ih the inaking of' this.i>i^/, you hav^ made four. 

Sdithi Secliniog' ^ 

Degrci 

[North Declining \yf^ 

^IbtTOQ nuift dSsx^AitJfamet sStiSht:tJmirs^ and "place the A?& 
en tne contrary ^€ of the Line. A B ^ox. die. &»fi Decimg 
y^f^^ And by tpming the Dial uplide downwards for die 
liJorth-decliners, fo that the ^le may poilit upwards todi^ Koith 
Cole V and the Hoifs alH>ut Midnij^t omitted/. As ilk the M 
tt»irew%.diteeed.. \ ' 

SHAP. 
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C. H A P. X. 



Direia South dtut North Decliriing PlaiiB, dvd Aam 
Hour-lines »dj, be dejfribed up&n then/. 



ITCH Kahii asdb (lireftly behold Ae{^^*}.pornt of the 
rhem., hvA do Reclme (oc fall backwards) from the 2(!»{VJ& towards 

/ Dgrees as the R^cUnatioH is :, And of fuch Plains there are 




I Of South Recliner^ 
Examples of all thefe Varieties of Recl^h^ PLxinSy in thd.Ztf^ 
tftidf? of Lcniim^ ;jt deg. 30 m. To find the .i\^ £jt£* 
tuiks/ 
L Variety. . Let there be a Vire5 Soutb' P£im.in the LatHuie of 
Londotty which Reclines from the Z^iVi thereof 20 deg. In 
what Latitude will that be an Horizontal Plain ? 
the Plains RecHnationi 20 deg* being Z^ then 38 de.. 3a m. 
Complement cfthe Latitude efJumdm ^ Subibad 20 deg. from 
d. 90 m. the Remainder (or d^erence) 18 de^ 2to m. is the 
j^Latituie^, So that an Horizontal Dial made for that Xat/- 
e, fliall be a i$birt& RecUncr 20 deg. ia.tbe. Latitude of £<«(- 

n, Variety. If a Souti.Pldirt in the Latitude of "5 id, 
30 m. mould Recline 6a deg. from the Z^fti^ therea 
In what Latitude will that be an Horizontal Plain ? 
fhe RecUnationof the Plain 60 deg. being Greater than 38 deg. 
xa^the Qmfkment of the Latitude oiljmdm^ Subftrad ?&de. 
m, from 60 deg. and the Remainder 21 deg. 30 m. is the 
vl^i^. : And an Horizontal DiartmdH for the latitude of 

■ * ; 21: 







1 

1 



%^^ Sneak 'MMh 

JRg. ^21 de. 30 m. (hall ferve {os 0. Sovtb Dial RecUmrf 60 deg. ia 
l&M the Latitude of^ London. 

• ni. Variety. If a South Ftaitt in the Xatitude dF XoffiM 
» . fliouldRedinc from th^ Zenith thereof .38 d. 30 m.. Mq»d 
to the CoTnplement of the Latitude of Loudon. Then* 

The Difference between the CompUment of the Latitude ofZondm 
and the Reclination being rtotbiifi \ it IheMrs, the New^Latitude to 
'be no Latitude^ that is neither Pafe hatli any EUvatim above loch 
a Hw : And therefore a Dw/ for fuch a r/a/w muft be made in 
allreQjeas as an EreEl DireBEaft or Wefi Dial is made, by tfee 
.Ttecepts in Chapter yu. hererf: Only, the*fl(>»r-ii»^ofVIthcre, 
muft be the Hour-Line of XII in this:. And as th^ Stile there was 
equal to the diftance between Six and Tfiree or ^Nhte a Clock- So 
in this, jt muft be equal to the diftance between XII and IX or 
;III. And may be either a Bite: 0^ that Arfi^ifr*^ oin Wjte orBw 
?oftfiati^r&. 

II. Of North Reclinera 
JI Variety. If a iVorti Pknn in the Latitude oF jri de. 30 m. 
(hould £^cZ{Me from the Zenith 20 deg. In what Lcoitude 
v/ill that be ari Horvumtal Plain f 

The Reclination 20 deg. being Zg/J than the ComphneMoftbe Lati- 
tude of London^zS de. qib m. Add thtRecUnatian 20^e " and the C>- 



Zatitude 38 deg. 30 m. toaether^ their iSww 58 deg 30 m. i&Jhe 
JKeip Latitude ; And an Horixxmtal i)ial for that ^titude fhall 
be a jVorfi Bain Redimg 20 deg. in the Latitude of yi de. 30 m. 

It Variety. If a North-FtatnjkthtL^itudei^fL&ndon. 51 deg. 

30 m. fhould Recline hrom the Zenith 75 deg. In what 

Latitude will fuch a Plain be Horizontal f 

The Reclination 7 5 deg. being^^df^ than 3 8 deg. 30 nt Aid 

'them Together, and they make 113 de^. 30 min. which being 

.above.90 deg. take the Complement thereoiF to 180 degr wWch 

is 66 deg. '30 ni. Md that is the Wew-Latitude : So that air Hori- 

vumtal Dial made for the Latitude of 66 de. 30 m. trill bea North 

JPUinRecUniffg 73; deg. in the Xo^/Vikfc oiLmdon yi deg, 30 m. 

m. Variety. Jf a NortJ Plim in the Latitude of Lofdm^i 
de. 30 m* ihould Recline from the Zemth thereof $1 & 



30 in. Ih what Latitude will fiiclf a Plain iwHorizQHT Fg;, 
tai? . UX. 

Here, the iR^cfmit/oir Ji de. ?pm ifi^^/totke latitude of 
IkmJm f-Ajni the iSm of the Reehmtim %l 4e« ^o m« >aDA t^^ 
Giaufkment o{ the LAbude ^Sde. ^oin. Added Vogeti^i^, their 
Sum is 90 deg. for The NetP-Latitude : And an Horizontal Vial ' 
imde for that liatkiiie of 90 deg. -( which is no other tfcen ft !pir- 
de divided into T^ Equal ffaris^ for the i%8rf ; und si ^xferefl:- 
^.pcipendicukrljr, rt any X»y[ti&,for thft 5^;^^^ ^ ^ 

Thefe are all the Varieties of &)iit& aiKl AfcrtA RecjUnkfg f'lains^ 
Reduced t6f]Sem Latitn^s^¥rhiadn they will becofrue Hori- 
zontal Plains : So that neither Trigonometrical CalptUtion^ 
Gecmetrical PrvjeSion^ or Operation by the Ghbe^ need be. 
here Repeated, they being all tliefanifi as in. the lYth Cbag-- 
to^her^of.. 

Note alC>: That in nakin^ofaay of thi»fi Nffrthot\ 
Stmth Reclining Diah^ you have made alio A iHr^ North ^ 
or South Dial indsmng prom the Zemtb tomard$ tb$ Horixm^ 

fb many Degrees asvi^t^e^^: cUnatiom So thatwhemt 

ybu have 'made aflurtJ^DiW Rsdkii^ Sm^th^ Zpnth6o 
deg. (as is the Second Variety of South Si^li^ersin^m^c^^ 
* ter) yaa hxvt made alio a North Dic^l iwfUnitfg to fbe Ho^- 
rizon 60 degrees, either by dxawisOg of the ij[wr-Jihes> 
and Stile through the Cefttre ^ or ty turmi^ the Beclining^ 
Di(il about iipdn Ac Hour^Uue of Vl. Ab4 rtheiu as tJ» 
North Fcle is elevated upon ihe South RecUner s ^> ^ch i 
wilt die South Rleh&^ eWated. al)QV« the.HoAii tnoli* - 
ner, &c* . ^ 



C H A P. XI. 
0/;Direa Eaft ^r Weft KecHning Diafe, MdM»^ Hdur- - 

lines /fiftf^f ^e defcribod ufon them.. 

AS all mreB iVbrti and Scitfi - RAcMrig • Z^ioi jPi^tfi weie v^ 
duved to Nn/^^Latkudes .wherein they would be . Hqrizaital t 
Mains -^ and. therefore made bjr the J9ireffr<»ff given i in 'the - 
GHAP. IT- hereof: Soalli)ira2:£(»/or JVeJl : RecUni%:DiaV 

Plains. 'M 



/' 



2Q0 Ancj^a }4arhematka. 

fim Pbam in any one Zatitude^ may be Reincedto EreS^ or €^nglt^ 

LIZ. DecUiAfg Flahts in another Latitude : and theirfore may be made 

br tfae'/Veoprt delivered in the Vlllfh. C HAP. hereof. Either, 

Vf the Gkbe \ By Spherical PryeSion % or. By Tf^ommtt riai 

Cakulatiak: So that the Wbsk of this CHJLP. fhaU be oolj 

.toihew 

I How to Reduce my DhreSjE^ or JTeJt RecUmg JXalfUk 
in anr Latitade, (fappofe Lmdm %i de. xo m.) to a 
ifemJLatitudi : wherem the RecUmffg Plain (nail beonae 
^n Ere3(pt UprigM) Hm. And 
•H What DecSnatim^ that C^n^t Bm ihaU have in tfait 
Nem-Ladtude. 

E XAM^t£. 

Suppole then, that aJDiirff Eaf or XT^ P£fm, in the JLatiiwde 
of $1 de. ;o m. fliould JUeUne from the Zemtb 40 deg. 
In ii^t l^i^^e wiU th^ And VFbat 

Dedhatkm (hall it have in4:hat Latitude^ 

RULE. 

The C€9ffhneHt of the humn Latitude^ is (always) The New- 
Lathude. And 

The Ccmplement d the Redinatim is (always) The Declnu^im 
in that Nem-Latkude. 

^Sothat if an £^ or ^^ 2)iii/. (hould Xrdiiif 40 ^m. in the 
Latitude q( ^l d. 30 m. That will be ^ l^if Am, DatI^ 
50 deg. in die Latitude of ^ de. ?o m 

For, 3i de. 90 nv being the ^ampbrnaa "of the Latitude of 

Lmdm ^i d. 30 m. isthe A^-I^titMi?: And %o deg. being 

the Ctrnmlement of 40 de. the Hdifs Redinatim^ is the DecSftatieu 
in iSie Neip^Latitude. 

So that, if (according to the IVa^ipti delivered in the VHIdi. 
X^ H A P. hereof) yoa make an Vpry^bt Dial for the Latitude 
of 98 de. 90 min. to Decfipr^ 50 deg. Such a Ditf/ will Cervc 
for an £jj? otTTefi-Dial RecUtm^ 40 de. in the Latitude of (2^ 
^Joir) 51 de. 9bm. 

Thus for the Makitff of the Dial 

But in the placing of the Dial (thus made) urxm die RedEmh^ 
l%rm, thk iDrj^r^c:^ is to be obfierved: For, Whereas in all Cp- 
right DeilifA^ Plains^ the^ MariMeu^ or Hmar-Uue of XU is always 
Perpendicular to the £&r2%m of tl^ Piece iox which it is made. 

iBut 







\- 



But this Decllnhtg Plain when it, is appl/ed to the JRecUnhfg Plaht 
the Hour-line of XII. muft Mt^araM to ^tHmzon of xhtPhce 

^ vAnd ;her<^ Nbte^ that all fd^ Reilinm in the known Z^*. 
tii^^ ^as here Lmdott'Jaxi ^fokh^^aJhDeelinets in the iVb^« 
Latitude : And all Wefi-tUdmr^^ are Mrtb-Weft^Dedli- 

' " And Noteferther-, Thatupon all JS^i^ a^d. WeftReclmir^ 

• ' ' P/flri«i in North-Latitudes^ that the iVo;-r6 Po4. i5 (zlwzy^) 

Elevated : And upon the Eafl and /i^ incUning Plains^ 

• And Lafily, Noi^ that when joahai^e made uaBafi or F^ 
Reclinifg Dial^ you have made Four. t/iz. An Eafi and 
P^efi RecBnifg^ dnij An Ei^ wad ITt^ mUnhf. 



Fig. 

LX. 



/• 



•WMfa 



l*«M 



MMtaM^ 



CHAt>. XTL 



Of Dial Plains »Af^ il# ^i^//( Decline W Kedine : Bm 
Hour*Lines^ &c. are to ic defcribed 0$ them^ 



THESE PlaifitvaiLy alfobe Mabutito NaP^Latituiet and 
JNeip DecUnathfts^ w&ere the^ may ftmd as Ufrg^ht DecU^ 
nets : And fb Dials may be defordiedon them^ by trie Direfiions 
in theVHIth. CHAP, hereof: And to find the Nev^^^titude^ 
and New Declination of any fud^ Phin, The SmUs following will 
dire£t« ^ • 

EXAMPLE. 
Suppoie that in the Z^^nJ^ of Londen^ 51 A.. ^odiiil:> A 
S^bB^in ihould DecUne towards the Eafi or Veft 24 deg% 
120 PM0 And a^ £^c7iii0 from the Zoiith $4 deg« 



\ * 



I. To find the New-Latitude 

.. ' The Gmow for Calculation. 

As thjj^Radius*' pine .90 de. 10. 

Is to the vk>-line of the OWD^^ 20 m. $*9^9^9^ 

So IS the Co-Tangent of t^ie RfdhiatiM 54 d. y>86ii6r 

"^oa. Fourth Tangent^ rze. 9 M«* 3<^ nt ^^9.82o8$7 

; ^^[$ji^^^^ the Rulef following 

'ore to De obferved* 
r .u D d d ^. In 



I. In •SMtifi' Reclineis. 
BULB I. This Fourth Tmmeut muft be compared iridl tfie 
Old Latitude, andthe Camphmtntdi thttri^^oM^igdie- 
NEW L AXKTUBE. < "^ 

So, InAi8.£x«ijpfe, The iWfi ^^ ?icdk. 30 m. lieihgfiib- 
ftraaed from the OU Latituig 5ft dcs 30 m. their difFereace- 
r$ 18 deg. whofe Complement 72^ deg. »the iS^^B.y £ i!L 

£ Cr £ £ Ili If the Fottrti Tlae^ lklt«it ftt^b^ J'flnfftD^ 
- - O/iZofihrA,. Ti»n theJJ^iubwillbeBOthiiK j And' 
fc tile Hditr itnli beaJPoiw Jfdbtim&aitu For the Bife 
wilLhave no jcltoataoK cnr«r.in 

• ^ So, in the latituie oF ^ rde. 30 m. If a &«*& Hiw ihoaldr 
fet'bne luwaids Uie £4^ orlF^^rsrdeg. 40-51. Aid iZar/w^ 18 
de. 9 m. By th^former^^wr tUMwih Tm^m will be found 
^r !•• ^"^ TFT^^"^ kheOlStdtftudg i So thatthe O^^ww*? is. 

and CH AB 3C.P ^'^- V ^ ^''"h ^ bi« A^^> !*u. 

n: Jh Noctb Redinm.. 

theu- Dtferetueii the N £ m I AT ITU D £ 

oll^JlF?SlMiS^ ^'^"^ ^ ^ £^/ to 'the 
gajpWrf the on hOTtuie : that i)«?iaii»K. Ac&iW 
nam Will be an JSauhu^l BbtM Timri;*.!^ --•w««fg 



t«Mwd&the£*^ or )m 6ode&. Md alfo 1^ 
^b ^2 deg. i-i m, The/«& T^yarf wifl be 

•iV ^ "^c '^^ ^ *« GmkmeHt of\.the OW ' 
wdf, t^errfbte, be i«-€i»nft^i3iifiwyarii,. .' 

•' '■ ■■' TL Tto 



-<y*^j5)f 







D. To find the Nm De£UHatiwt; 
As the Radius, Sine 90 d, - * ' • ^</^> 



'ib> 



.Tp^the.Co-fijie ©f the Reclination J4 d. ^ .9-7^9215 

So is the Siribbf tlie^Old ©ecThiationV 24- d; ^fom' '^^ 

T6theSiheof4t'de.dimin.. v:;,' ** • 4-9.?^4i62 

Which 41 de. I fain, is^the^ jr:i?V^2>j?eiLr. 

NATiOK 

And now, if'3(ia^o5digg5p thft]fr^»fi\d^vgrq^ in the Vlllth. 

CHAP. hweoO you aopiake ah UprigHtaan^i D/a/ DecUn-- 

£qfii4rd€g. rim. iij^the Lfdtnde of 72 deg. That Dw/ Ihall 

ierve for. A ^c>if^^ P(^?^i in the X^tude of ^i de^r^p m. DecUnhfg 

Aiid in £idb atf^ryou willfiod^ rriiS^ 

the ie^ipi^etiWtaig^; '«^^ S!!; S^ 

to beas the Table inthe^fogw: ^^^ "^ ^ 

And thus much for the Mddtg of Stiles heigth t vl% 2 
the A^ aodordjiigil«riitw«*NLi. Did Suh!^ Jijeiii:,!' i 




tioiL.iifi bij 






41 xn 



are not tof|3igN)idte>flbl»*iiW/b$^ 41 vu 
perpendicttlar to the £&rie0r, as in 41 vin 
CJpmit Piliinif) but it muft makean *' ^ 
^1^ with «e HonxMtal IJne of ^, ^^ 
thejS^fiimi; Flm: And therefinre 
die quKlkf of that j^b muft be 
firft fimnd. Therefore, 

HI. To find die Jbgh made be* 
tween the Mgrman and the 
Horhum. 
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\ The Ombm for Cakulatioii. 

As die Radiut) Sine 50 d. la 

Is to the Sine of me Kee&Hitim ^^ d. 9*^$$?47 

So is die Taqgent of the OUDci^tatm 24 d. 20 m. 9.9079S7 

TotheTaqgcntof 2od^ 6 nu ^'f-^^^^o^ 
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AncUta Mathematu^t. 

}iore€o79^JemeHt 69 dcg. 54 min. is the JifgU that the*- 
ridian (or Hour4in$ of TSL.) muft insdte with the Hmv 
%ontalLineqiitviRecUmfgFlm^ Thus for the ^^imti^ 
ofthej^l^. But 

know whidi war (or to what Coaft) Ae ilferUt 
Lme, Jfcending or VefcenJbfg Jbau$. or under the fbmm- 
^i»« of the J%m^ ]&to be diawm. . 

• • • ■ • . ' " ■ ,• . 

That^ib^Qf tfieA- 
r'IW} iftaii Equifto- Y Viiairt?! i4», whidt 
dial^the Merrdian< ' <Be8 coMtraiy to the 
muftb&^wiv^i'/-' yCouftoFthe PlaiaV 

.o'rCBdbtirC^dinittkMi. 



|Cimeis. 
^ Smith Rcr 

. ^diners. 1 
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• ■ • ' : -f 
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> .: ! -' , /*el»«ricTI»tJB»f o€tfiei&rrt. 
,Jftri-dUilEquino-\ • . \w«W/-X5w, tjrhidt 
^iid^dieMmdi^.' ' \VJiaA0 Com va*«idi. 

' • " ' , H f Abd^^JDediiatioik. 
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Lefs than a folar 
the MeridiM iniift 
""'budiawjj;. ""* 
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iclii)er» 
ciiaeh. 



Abow <^That^ffioftheB?n. 
«o»r/)i/Ii»^,that looks 
the fame r^ with* the 
Coaft of the Plairfs 
^ Dedination-Andthig. 
Mfff I v/ii/i ihu8 ' di'd IV n^ , 
in A^orti RecVners^ re- 
prefentfi 12 at Af/i&- 
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Below, ijfkbt... 
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Hi l^r. \ ^\i J-.:. !^.T •» '. - \ 

below the H&nxmtal Line ^ at that end which^^ 
''^ i^ contrary ' to the<^Qafi otDecUftatm': /And: 
^ the 4SK«.a Clock fi«r-fi^^ is (alwan) iJxkS^ 
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TBelbw rAriddfrx)mthat£t&ibf 
the* H^ixxjntfiii Lm^^ 
urMbh li^ icotitraiy^ to 

^dr^tiianaftiirfji > khe CW>Q£thei^>. 

the Meridian mtifH : < DetHnMrnf^-y^r^ And, 

I i^^M '[ 'i<)ffiL]p;inTic(eahle fo 
It: ! • fhelp ^ dtaw the wft. 
jJlhaw\l(£thQt)iaL •! ' . 

■ • • • • 

¥• How the Diaf ^beihg made acoordmg-te ,{ht\JS[e» Latituid 
loriind iT^ Dec&Mimy k to- ht tr^nsfeiited Aom .l^:P^er 
•iiBriagbt^ uj^li»JU(£fA^ or -itcBtiig^ fr -r 

iia\iing drawn zn-Hrniumtiih Lbie upttii cyaett. Dkt BcmpiA > 
^ moft omiv'ehient^rtchereofVaiidimade^x^ of .a Point 
dierem for tiie Centh ^6 j^^Dial^ ai^J .^c G?^^ of your 
fii^CTT Drat^bt txxiins G^Ors; moving trie .Riper p^ta^gfft. about 
till the Meridmi iha did-ebf d»4lia]ce> Ha jitgk wkK^>/s^or^«MSitf ^ 
-Cw^ drawjx uppn the Plaitt^ €g[ual to what you found it to be by 
theTbird Sem<m oF'MC-ff A^K koA^Xbits'Propef'Coafll asyou' 
fainditB5rtha*Foiifi6&aw.j Then<if*ydi*Jhi*e^.aibt'e«rerin* 
any of.yourrfosmtr wdripngsj will the &i&"of vour JP^p^* 
I?r/rigA^ for rather: a-paterawk^^^ ar jRrf-fe>«^(i) being placed 
upon the Sub-ftih of the wpCT- Draughty have dired refpe£l,to tb« 

£iBbattdb?^^.^^bd;t dwifld%M2 b^n^[b«d mwhav i^iiere 
•*\ : . \ deuver At 



deUvefeS, you ttBOr^ eaiil/ transfer the Stile and the reft of the 
Hawr^'Unis to the^^m \ putting thereon fo many as the Plain is 
callable to receive at any tim^ of the Year \ and leaving out fiidi 



fuperilnoas. 
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CHAP. xni. 



Of the hifcriptkH tf other Great Mmd Small ,' Circles «ftht 
Sphere »/«» 4ifJ«nf«r ^ Pitl'Plaiffs^ .' 

IN the foicgdng Chaptork' u (hewnd hawr dte Maiiiaiu (v 
Hmr-Ordet) of die ^pkr«nii3^ be^defiitbed Ofoiball fids 
of Ham Saoafdet howrfbever fkuate : AikL\M.t!iofe Mmr-Grdtt 
were defcriDed, ^ vaaj aU other Chrckt of thet^kre be al& 
■dttineated .* And tfa^ amaor how, I have larg^tjr treated of m 
flljr pavtkkilar Treaties of wt^hg already extuit : So tfaatin 
lim place I fhallbe but brief therein, and yet (uJBBdently FUk. 
Jini wheceai die Hoir of die-Z)^ <kudlA»>Obb is fliewcd by 
the vrheit MU of the Stik ) fita&tadkeiCSrtcktfQ deicribed. are 
flMwedby aine/^j^0Jiittakeninronie:coBViniiii|t place or the 
fiid JKUy ftiftn wUdi P(Hnta Perpendicular let ftll to die flam 
upon the &ib^1mr 'Urn (hall be called the Pertfea£ahr Stik : 
And die pinnt inpoo the ViatOy The- Foot of t])e PerpenSadar 
■Stile } and die rowt in the AJos (hdote afTumecl) the GnoJtu or 
jbex of die Atlr. -i^-^NoWvibr d» ncrfiwAiAocai «f . tiv& Woii 
foUowing <bKfid«theTr%»Mirtvw«l C^Ml{b»^^^^ 
muft be provided' tridi a &«fa (jor^fiftri^aMher). wUclL mufi 
have upon It &afcrafAMtj TsA^ SuMs^ Qmbi and ap«/ 
fMti: br if hehavtilr hiio, Tmsr of A^wwl Ahs» Tiagnts, 
and ASKMtc. then. aXn* of iiiui,fmt$imy damn fren die 
Centre, will pecferin the woric lathec beltnr diao *by die odiec 
Stabt, Being tfiuspv6vjded$.Theiirftbrftae&aHia be 

Bawio prcportm the J^frp^4l^im SfUftQ die Beau. 

If Vdur 2}m2 IUm be final], cbnf^ or 

iy^cmt , i£ Direa the &A:llik m^ Midki 

If DecUmffg^ man to die fide coittiwy totte CSesi/f of Z^fi- 

XheSob-ftile well nude iSaeK flL.W.-dia^l'tf^^ 



Stile thereon EreSed : Makt the PerpenJ^cuJar ^tile the i?jJiitf v 
(^or Eaual to the TcMgetkoi 45 degrees) stnd mate tfiit part of 
the SuihjHU which' liesr M[pnd th^ foot of the^ 5flr&^d toi^ards. 
the Centre, equd' tothe iW^|(;ow^ of thd htightlr rf rtie 

Pole (or iSr//^J abonce th^ 'rb*^\ and' the other ^rt of the «&*• 
//fc, below the%ot of the^ Stile^ Equal to tHe* Tangent Com- 

Jlement of ^tiikri£an Jbitude of (he^im, vrhiin he is hi that 
rojAck wmch is to be moft rettiit>te from .the Cefitre of the /)IA 
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CH: A PA XIV. 



,« 



&f ibt Lifhiftiim 1^ «£e Sign ^. Parallels Sun's 



^' " - '^' »• !.:•• I J. f.« 



.» i • J i: » I..' I «. J .' ' ... • ." i 



JTV tontauis^ad^ees?. • . • 

^ A AmBd^ irthe SmVDinrml Jlihtim jy^y lyDajr j and be- 
caufe there. are 47 dea,, between thatwo Tropitks^ there ijiiy be* 
fo. wany Bir^, Ma C3frK^v*^K theSttn^ciaifietK.^^ 
2'4 Hours V and dthdujgJi th^e W'47'of thdc^^ yrt^ in- thfe^jaf/r- 
tnde cf<i deg. jd; rfiin.. w^e iaccot^'ho^-trmr, ^z: 'thdfS, W!5icl> 
are thex)/iy fromfinrtb iSi^r,;. when it is 8^ <?,' to, i^?*!2; t37'*4C 
1^, <ir 16 jflfthoui!s litog. Thte 2)/cnptJ(w' or. dii^e P^^ 
S^i is mace the ftn^e ^ay •, (bfy dad n^eft moft fie ' ' ' " 




rthe 

mmr-Vne^ gives'a JWiiyJ^ inaOT the \^^-m^ by .whieh the ParaBd ' 
of tfat D^JrjF Ihjtil pafe r So thatt thj^ y&w, repeated- fo often as- 
the ndmber of ParaSeU^ to be , i^n{crfbeif , m^ W;, ffm<^Sn^ re- 
quire •, ihallflive r^^^edive B^nb eijbtrg^' Be^ 
each BiraM by- " 

Bxample, Itafi'the. -Bktl( 

AoiTS0M 3t< eveiT ^0^ imjr 

Zt) to^ ittfoI^Dvjeth, vh.- 

'" ' -I'c I I :■(•'- i -'- •' At 



V J 




« 

4. 



'i^Q 



Deg.l/k . 

Complement 

l^ow, Ae Perpendicular Stile l>eing Radks^ the Tan|jeQts of Ac 
Complements of the refpeftive J&itudiSy^s 62 deg. JQ m, the 

Qi m> iet~ from the fcot i£,uie Jfe 






4>n the Hour- line 6f 12 (or Subfile) fhall give a point thereon, b/ 
which the Parallel of Pffca inuft paft : And fo, the Tai^ent of 
^4 de. 2 3 m. (et firomtne foot of the Per* Stile^ upon the£Mcr*&»st 
of II anda a Clock, fluU igive jda two other pointtbj whidi 
the (aid Parallel fhzll^fB : Andlo for all the reftof the I/om- 
Bnes^ through which points found upon all the Howr-lmes^ a 
Um dmwn hj an even^iand, ftall be the PjroAfl requited^ for 
along that Line will the Shaiofm of theTfp of the Per. Stile (as it 
creepeth along) pafi, when the Sun is iii the beginning of i^j, 
wz. about the9th of F^uary. 

And therefore^^enerall/ i^ J^^VaZi^as alio in all RecUners ^ that 
18 to iay^ upon all l%im what^ever : Draw an .E^nzofffa/ IH- 
af proper to the l%i^9 and in% the S^ or ParaBeh upon 
it, bj (ettinig off from the 'Kwt of the/pCT*. Aife, the Tatfienis 
Cotttfflements of die Sun^s he^ht at every i^oar in the b^nnii^ of 
every ^f>»atx)ve tiiat Plain (taken s^itxiffmr^^ Foot of 

thep^. &iU bong evi^r.i^iif^) ^and at the end of theie. TofgcKti & 
let oiF uj)on (Bvery ri^^iSHye JE&ur-Zm^, ViU be a IPoint i:By 
which Po2nti,.Zzf/fis.(lxuwn^with an even Hand, fhall trace out 
i^on the iDirf Plam^ fixe P0rdBeU. ©Bjpiredi . •♦ 

Example. Suppofe a Plain Decline 30 dejg. an^itecliiie 5^ 
deg. dieheightbf the jPofe above the Plain 19 deg. 25 minu 
Am the SwCj bef^hlt at thehegfn^^^ of Taurus to be at tlv 
ieyenJ tfours^ ^s ipf this Table. , }. 

De. M. "^ De. 
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Then, The Tangents of the Complements of thefe Hour-dijfaih 
'^es (as 7 deg. 55 m. for 12 : iddeg. 30 m. for the' Hours of 11 
and i) fet off from the Foot of the per. Stile (the (kid Stih being 
the Radius to thnr^Tapgef Its) to the ohissiwe Horizovtal' Hours of 
12, II, 10: and I, 2, 3,£^c. give the true rf/^rfwc^j between the' 
Foot of the Stik^ and thofe auxiliary Hours ^ for the Parallel of 
T^ri» ; and fo points for the defcribing of other Parallels of De- 
clination : Having firft (hy Triganometvical Calculation) found the 
Harixmtal Dijlavces ^ zv\a the Sun's Altitude at his entrance into 
thofe Parallels of Signs or Declination^ in fuch Latitude as you 
have need of. All u^hich are taught how to do in the foregoing 
parts of this Book. * 
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Of the InfcripttM of the Vertical Circles (commimlj cuffed 
Azimuths) «e/Mif^ Dial Plains. 

THESE are great Grcks of the Sphere^ vrhote'PoJes lie itt 
the Horizon, and inteffe^l: one another in the Zenith anil 
iVifAV Points of ine P/ac« wherein the Dial is tofknA 

The whole Horizon being divided into 3*2 equal parts 5 thefe 
(^cks pafling throyg^ thofe DiviJiemSy are called Points '^t the 
Vcn^afs^ and denominated aecordinglyv as iSowt^, S bj E^ S S S^'^ 
&c. But the -better, way of accounting them is by lo, io^ Sd^,, 
'©'c:. 2)^^« from the Jftmiijw on either itde thereof. 

Firft, in all Horizontal Dials ^ the^ 'Perpendicular Stile . being . 
chofen, making the Foot thereof the Cwtr^^ at any convenient 
diftance, drfcnoea 'Circle -, and account fironi the Meridian both 
wajr$. Arches 6qualto 10, 20, 30, (!fc. Degrees : From which Di- 
viftSM, fight J^in^s drawn ta ^Fotrt of the iSrife afcireiaid, Ihall 
'teprefent thofe Aximuths upoii tliat Dial 

Secondly, Upon a Prime Vertical (or South) Dial ; Through 
the Foot of the Rr-JHL\ draw a Ri^t-Line Parallel to the Hm^ 
xow^ and making the ikid- Stile Radius ^ u\>ontheT^araM Zine^ 
;fet off, hDih.ways from the Meridian Tangents of 10, 20, 30, t/c; 
degrees ^ throiigh which. Dmfions^ Right-lines drawn, all at . 
K%ht Afgles w|th the' Parallel i^e^ fhall be the Jx^im^hs. 

•£•€•6 . thir%. 



20 o AttciUa Mathematical 

Thirdly^ Upon any Vedinirg Veitkal^ the fame being doBCj 
fhall give the Az2?nuths of lo, 20, ?o, &c. degrees from tha 
Meridioft^ of the Plain •, or from tlie Mmiian of the Pi^c^, juft al- 
loinmce being made for the Diferefice of Meridians. 

Fou^thl3^ In 5<?wt6 DcdiftivgKecUvirg Plains, the P^-i&/fc being 
chofen, and made, the Radiiis^ the Tarrgent Complement of the Re- 
diHaticn, applyed frdm.the Foot of the Per. Stile to the Meridian 
of the Place^ . ftiall determine tlie Zenith of the P/ac:*? : . through . 
which, and tl-ie Foot of tliet Stile^ (Xhat is the Zeytith of the PLm) 
a riglit Line, drawn^ fliall be a Perpendicylar to the Hortzantal 
-Linc^ and fliall coiicnr with the Equator in the Hourrline of 6 5 
and therefore, if f^-om the Foot of the iSf/fe upon the faid.P(?yyflf-,. 
dicular^ towards the North (for the former applicatfon was madtf 
towards the South) be fet off the. Tavgent of the Reclination, a. 
Line drawn from the end thereof, at Right Jngks witli it, fhall 
be theHorizontal Line: Upon which, the Twgentsoi 10, 20, iolSfc. . 
(the Secmit of the Reclination being now made Radius) fet from 
tjie faid /?;]sAt ^fe ^ Z<w« drawn from them to the 2b«r&ofthfe« 
P/tfcr^, fhall be the jhimuths. 

Fifthly, The Diflance between the Meridians being haown^ 
u-pon the Hori^untial Line I the. .^wwtft* which. were accomited> 
ffom the Meriditm of the Plain^^ may be fitted 'for the accotmt 
^ from the Meridian of the Place^ with eafe.— ' — FOr Example^ let- 
that diftance be theTangent of 2o1d.eg. Then that -Aiwtttft which 
is 10, from' the. one 5 is 10 from the other alfo : And that whicIiN 
i& 30 on the fame^fide of the Sub-ftile, is ib on the other fTde 
of the Meridian of the Place : And dje like method. feiVesi for 
any diflance. 
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Of f he Jn£o[ipti6n'j)fAlmkantcn or Circlevif^^f^ 
. titude upon Dial Plains. 

^HE.SE are kjjhr Circles of thfe Sphdre •, anct.may be called. 
X ' the ParaUds of Declination from the Horizon ^ .they having, 
in all refpefts,- the f^fne relation and habitude' to the Jzimthsi^, 
zs the Sipis and Parallels of Dedinatign have to -the Meridians ^ 
although thefe be counted by if deg. and' thbfe ui&'all}^ hy ip. 
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And therefore, as In !he defcription of tlie Signs and ParaBels ^ fb 
inthefe. 

Let an Horizontal Dial^ proper to the-Plaifr^ he firft (obfcurely) 

•delcribed 5 and then, as it was there (hewed, that the points 

throng which the^S^wx ot Parallels muft pafs, upon every Honr-^ 

Une^ might be -had by apphring the Tatigents of the Complements 

of the Sm^s height of thofe Hours in thofe ParaUeJi^ from the 

Foot of the Pi?r. Stile^ to the refpedtive Hour-lines ; So here, 

making ufe of that AzSmutb which is perpendicular to the Plain, 
(which in zll Plains is that which pafleth through the Foot of the 
Per. Stile) the reft of the Jzimutbs being alio infcribed, the Tan^ 
gents Conmlements of the iSimV height above the PWn, when he is 
in any Azimuth^ applyed from Ae Foot<>i the Per. Stile to the 
laid Jxinmtb^ gives a Po;^, through wBch that Cnele or> Jhtp- 
canter J upon that Jximuth muft pais. 

Now to loiow what Altitude tne Sun will have, when he will 
be upon any Jzimutkf in any -Parallel of Declination (or degree 
of the FcUptick) is taught in the Sc&ion of Afironomical Problems ; 
Or, by the Refolving ot an ObUqutJb^lei Spherical Triavgky where- 
in is always Given, Two Sides^ and the Jrigle oppofite to one of 
them to find the third Side, ("By C A S E V. of 0. J. S. T) 
Which third Side fo found, is theCmflement of the Altitude which . 
is in this cafe required j and muft accordingly be fet irom the 
Foot of the Per. Stile unto the Azimuths, ffc. , 
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CHAP XVII. 

Hm to infcrile the Jewifli, Babyloniflj and Italian Hours, 
i^on utt Dial-Plains. 

OR the tnfcription of thefe Hours upon Diat-plaifts^ there 
_ needs no Trigoiumetricai CakuUtim : For the two Tropkks^ 
the ^quat'Ty and other ParaUeb of DecUmtim being already de^ 
fcribed 0>r fuchbf them as fhall be needflil) together with tlw 
cmtnm Hour-Ikes proper for the P/«», Voints through wJiidi 
thefe Hovr-Uttes vay pafi, may be, found: by thefe toUowing Dt- 

The hbjhnijb Hours are accounted Equal Hours fiom Sun-rifvg^ 

and may be infmbed upon any Bain, by help of thofe two Pa- 

■^ E e e 2 f'^^^" 
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r^UeU of DeclkaUoH which (heu'^the Lor^"/ and iS&crfr/ Tiay^ con- 
fiiling of ft'it^^ (or entire) Hours : As with us 16 and 8 ^ and. 
iVt^in^tor. For, 

. ir. t ^ 9 ?T .1. n- ^8 of Declination -7 

A Line drawn ^ ^ C^^ *e PaO^ j^^^^j^,. T g^^^ 

through ^ ^ ^ rallel of ^jgV Declination^ . 
be the Hour of Ow Trom tV Sims rifing. And likewife in thie 
Cime order •, through 6, 8. and 10, (hall give the «Sf(to»rf Howr from 
Smi-rijirt^ ; and in the like Ori(fr, all the reft. 

In \\ inter, when the Paralklof 8 flow j (hall fail, the other 
two Points will ferx'^e to draw it bjr, becaufe* thofe Hours aie 
Strcigbt Lives. But after the firft Stx Hours are infcribed, the 
^quhfoSial alfb failing, (bme other Diurnal Jrcb^ (as of 9 or 
to Hours) muft.be defcribed to fiinply that want 

The Italian Hours are accounted by i, 2, ?, O'^. from Swr-fetth^ : 
And fiMT the Infcription of thefe, trie lame ParaUeh of 8 and 1 6 
i^5^, witlT the JSquator^ will ferve 1 For a tine drawn through 
them, in the Hours of 9, 7 and 5, Jftervoon (oblerving the fame 
2$ before) (hall be the hpur of One ^ die like through 7, 5? and 5 -^ 
fhall be the hour 23 .: 'the N^ht hours of 9, 10, £?"(;. are the Mom- 
hfg hour^ produced. 

The Jpfijh baurs are reckoned like the. BcMcmJh^ from 
Sm-rifitg'^ but unequaUy ^ their 5ixt^' hour being (alv/ays) AWi 5 
and every bour^ one Iv^^6 part of'the Artifdal Day^ of what 
length foever that be. 

Forthe/»/^T2ptio»t;of thfeni: The Vu^ai^ Hours proper for the 
Plain being nrft drawn, and the ^Dnoiia/ Jrcbes ofij^ 12, and 9 
hours^ divide the degrees in each by 1 2j and that Quotient hy 
ly i or elfe (which is all one) divide the (hid^tbcs by 180, the 
three ^iioti^/ti (hall give the jqft Tfw^j^j in bom^ and uftial parts 
of hours from 12a Clock; upon the tUro Parallels and the ,^ua- 
tor : through which; Lines drawn.by z Ruler ^ fcall be tie Jewiff} 
&^iiri required. 

Exan^le; fth Latitude yi deg. 31-min. the DitimaLArclt of 
. 15 hours is in Degrees 225, which divided by 180, the (Rodent : 
iflt 1 1 h. and fo miKh the jewifi hour^ of j ai^ 7 are difknt from 
Noofy J one hoar and a quarter being a twelfib part o£ the Dimnal 
Arthoi r$ houte.-: Andthij- iowr and qumter being irar^i, grres 
Aepkcefor 4 and 8 : Tripled^ the place of 3 and 9, O'c^ from 
A5>w, upon that. fvirayrf of J5 hours;.. ' 

In 



(^Dialling. 

Ih like manner, the Diurnal Jrch of 9 hours is 135: deg, which 
divided bjr 180, the Quotient is 4iU that is ? quarters rf an 
hour: Which fliewfi-lhe place of tlaie Jevfi/h hnnrtnf j and f^ta 
be three quarters after, or before. Noon : and that doubled is One 
bottr and a half ^ Which gives the place .of 8 and 4 t all one with 
pur I ! and and 10, ^ ^. and fb Trtplh^ and ^<^pp^ an| ^ht^ 
tripling 3 quarters, you have the places of the Jej^ijh hovrs upon 
this ParaM of 9 hours length of the Day. 

And thefe parts Doubled aniTripled^ as is falJ, wiff always (m ■ 
this Varallel and thfe former) fellijpqp ^t^PTfi^otff-^, bahes w[id guar- 
ters ofbours : And that is the only iiealbn why :thefe two FaraU 
tfis of 15 arid^97 are preferred^i^ there h&ng no neceifity o f ufing : 
them, more than the iropicks or other PiiraMs^ oiJy this conveni- - 
encT of even -parts. 

Lafily. In. the Dmval Jrch oi 12, tliat i\ ih&JKmiat&r^ the 
CUrnmOH and the JmiJI) hours concur '-, that is, di&*3^^ boA-^^, 
J and 7, widi our iwri of li and i ; Their 4 itad t, witi but ^ 
10 and 2y Cfc. So that: a £f»^ drawn from i ;- in the ParaM of 
I ;;, to I ui die JEipuxior^ and ironl thence to | in the B^M Xii 
9) is the 7di J^j^^^'i^* And ib aid alltheffe&tabeii ^ 
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SECTION VI. 



OF 

NAVIGATION. 

I Intend not here' to treat ofNavtgcoim m the general $ it be^ 
ing an Art that requires/fbr the true TJ^dcarttanding, either 
die Theory, or Pradice of it) an infoeflion into divers otficr 
Sdeftces Mathmatical 5 of which, that of T JR J G iNT -M £- 
T R I A^ ^or iheDoSrine of Triangles) is the Riticbal 5 for that 
•the iblution of all fiich ProMem wHch are of daily Uie at 
'Sea, are performed thereby v and thofe are fadi^as concern Lcn- 
:gitnde^ Zatitude^ Rumb for courfe^ and Difiance^ Vfc. And diere- 
fore, I (hall Define^ Firft, what is meant by Junrghnde^ LatitvJe^ 
Rumb^ Difiance^ ^c. And Secondly, any two of them being 
humfns pow to find the other two ^ and that by Trigmometricd 
'^Calculation : with fbme other lVoifc»M pertinent to that Art. And 
I (hall perform them, (i) By Plain Sailiqg. (2) By Mercators 
^Sailing 5 Aiid (j) By the Middle Latitude. 

EFINITIONS. 

I. Zaifptuie^ h the Difiance of a Thee fcom fome known Men- 
Han to that Place 5 and is always counted upon the ^qui* 
no3ial Circle, from that known Meridian towards the J?iijf 
or f^eflL 
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Jl: ,LatThide^ 1$ the Dtflance o£ 3i\jr Place from tlie JEquinoSial 

Circle ^ counted upon that Meridian Circle which pafleth dver 

-that Place^ towards either of the Poles ^ either North or South : 

and accordingly the Latitude is. Denominated either, iVoiti or 

South Latitude. 

in. Rumh^ (at CowJIf)^ Is tliat Jrgle which a iSAip in her 5tf7&^. 
makes with the Meridian oi the Place from whence the Ship 
came, and the Place where the Ship then is : But the Coinpkmentr 
of the Rumh^ is that Aigle which' the Rumb makes wim that 
Parallel oE Latitude in which the Ship is-, and is the Complement 

of the Rvni? to 90 deg. The Rnwb is made known to the 

Mariners at all times, by help, of his Compafs. '. 

jy, Dijiauce^ Is the Number of Leagues^ Miles^ Centefms^ itc. 
that a Ship hath SaiUduyaix any Rumb or Courfe.-^ — And this 
is known to the Mariner by the veririg(or running oul^ of the 
Loi'Line ia any known quantity of Time. . 

V. If your Rumb (or Courfe) be direftly J?fl[^ or W^efl^ you* alter 

not your Latitude jat all :r If your Courfe be Northward^ you 

continually lZaj/> the iV&rfft Pofc ^ and you increafe your La- 
tititde Noriimara : Or the iSbif fr Pofe, if you C^ar/^ be from die 
JEquinoQial Southward; 

St) thkt 
The Raifiig'oi'iSmePaUis^ When jrbu SaiFfrom ^ J^^ La- - 
titude to a Greater : And the Deprefyig of the ftfe is,^. when i 
you Sail ftbm a jGr^^tiT to a I«(^ Latitude^. 

Thefe thirigsinown, before I proceed to the Soltitionof the • 
ftveral ^uejhmis^ or. Problems in Navigation^ junto which. the Do- \ 
Srine ofTriangles is . fubfervient , it \vili: be neceflary- to fiy - 
foniethifig concerning the iShitftiow of P/oc^^ upon the Earth or: 
Sea in refj^edi of Lbngitudir znd Latitude*: Ana of ^tit Diftahces 
one from another in ie^irw, Mles^ or Minutes: Andthen^ (hew 
how to lay .down ,( upon a Bimi Chart) any two ^ormore^ 
Pfcrcw, according; to their relpeftve Latitudes and Dtferenceo{ . 
L0tgttudes. An wMdiihaU bjp comprehended under tbd(^ Headi 
fQllpwxng^, ' -^ '^ ' 
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VOf^he Situation ^Places, w reJpifS of Longitude wdJ;^ 
titude. 

'^TN l\ns Probkm there are variety oTCaJes^ according as the pii«ei 

JL may be fituate one horn the other, in refped of the Fnjf^ or 
^ General Mmiian^ a$ to their Difference j^ Lm^jkude y ^xi^, in re- 

^e£b oftheJEquinoSial^ . as to their difierence oE latitude : And 

for the better undarfiandiog of thefeJ^ori^^^ I (ball e^Jubit-^I 

of them in one Scbeine .• In which, 
^^* N JE S is the Pirft Meridian^ or bfginnipg of Xomtnde. 
:SJn.W MB the. JEqumaBial Circle. ' 

JE E the Eafl part thereof. 

jE W the Wefl part thereot 

Nth^ North Pole. 
. S the «Sbi»t£ Pofe. 

. P B and T A, two PardUeh of Mrth ZadtuZe. 
<) R and Z X, two Parallels of «SoKti Lqtitude. 

N I L M S 2L Meridian of F"^ Longitude^ 
. 'KHCSaMeridiapof£i2^£a;^;ti^if^. 



tCASE I. 5f theiVii<:^i, lies ip the ^qmoSial^Ckfh^ as the 

i^^ L, G, H, and Kj and fo nave no Latitude^— Orin Ae 

fame Parallel of Xotitei^. as the Places D^ V, X, and B, ifi 

'the :FaraUel of 40 de. 01 iV^& Latitude ^ and the Places O, 

3l^ 9«nd iC iQ the JParfdlel of 3.$. 8^ des. oi South Lati- 

. £iui? ; Thep; (i.) If the Two Places propofed, do Ke both on 
the £#p7of the Pit/iJ^^ as R K-r^X, ?-<: K : Ck, 
both on Ae WeJ'jide, asD, V--^ 1,(3—0, M : Then, The 
Xefer :Lmitudc Ji0ra8ed from the Greater^ gives the Dfe- 
ffW^ qT tfc tfii^itiides of thofe JBitur^. But, (■2-) If of the 

^ . ^g -13tf(:ef prqpofedi^ one do Jie qn the Eaft-fidsy and the other 

/ pi^tne VrjeArJiie of" the Fnfi MmMmx As v ^4 X— L an4 
B, M aw C : Iphen, dietwo X^Tgi^oi^ ai^jW tc^eth^, eyes 

cthe p^m^ of Lo^tude between tho^ two riaces. Bat, 
.llote^ / 

If rae iSif^ of the t^^ do exceed i^ de^ fib^aS 

the «W of them from 3^0 d^g^^ ^^ 
i)iference oiJLoff^itude of thole two :Hi^«r* 

CASE 



''CASE n. If One Place lie in the MquhtoSlal Circle^ as L, and Fig. 
(he other under the £iine Meridian N L S, as the Vhces V^ LXI. 
in the IParaM^l of 40 deg of Nortb^ and M, in the Parallel of 
? J- 85 deg. t of &mb Latitude : Than, the Latitudes thenj- fiifittlfk 
ftlves afe e&emed (or are to be taken) for the Difference rf?? ^*' 

. mtdividei 

CASEIH. If Two Places t>ropo(ed differ both in Latitude and^«^omi0« 
lo^|iin/f , do lie b(<A of them on the A5i^^ - 

«a?/of 4o4eg. andl inthePoroffrfof 18. t% deg. the leJirU^^^^ 
4itnde taken from the^iv^^, leaves 21. 7^ de^. for the D^^dred flirts. 
renee of La^tuJk of thcfe Tm> PUc^ : The like, if both the 
Plates had lain on the ^uti^ife of the JEqimoSial^ as^tC and 

Yi ^But if die Hvro Places propofed had been V, in 40 deg, 

of AVt& Latitude^ smd C, in ^f. Z% deg. of &>irr6 Latitude ^ 
then, the^idvi of mem two Latitudes 7^. 85 deg. urould be the 
Difereuce of Z^itiWe^ which din neiFer exceed 90 deg* 

W(»r to Reduce Begrees Md Mimrtoi, (^or D^ees and Centefins^ 
or hundred farts ofDeg/cees) ifito Miles, 0^ Minutes. 

TQS is done b/ multiplying ^JR^ees by 60. find addii^ 
the add Mkmtes^ ifsaiy be, and tlie ProduiSt will be Miles. 
Alio Hmrees^ ^adCenbefiss m Degrees^ multip&ied by ^o, the Fr4>^ 
'dudt wiU be Dqgrees^ and Certtffhss. So, 

26 de. 33 I3DU multiplied by ^o : The Produfi of 56 'by 60^ 
is T560, ti» which add. (he 33 Minute^, and it makes 159^ 
Miles. 

Or, 72. 75 deg- naultiplied by 60, will produce''4365 Miles: 
And 26. 47 d^. by 60, >wiU produce j 588. 20 Miles ^ that is 
I J 88 MiUs^ and -rJ or t! • of a JM/fc ^ and fo of an/ other. 

^m. ^Hffw^o ias^4am (^m a Bknk Chart^ okry fi^^ Places, vhicb 
4{^ ^t& m Longitude (W Latitude. ' 

LET the tWQ Places propofed be theiiiriojir of Jamaica •, which 
lies in 1 8. 25 deg. of North Latitude^ and 78. 35; de|^ of 
"Weft io^ittifc— » And the Citip^ ofGood^Hofc:, which lies in ? j. 
•85 de& ciScmtb LadtnJk^soid !2j* JP deg. c£ Haft Loftgitude. . 

3Fff The 
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Fig. • ' / 

LXII. " '^^® Geametrical Conftrnftion of the Figure. 

Firft, Draw a Right-Line -S) JE for the MqninoSlal Grck of 
the Terrefirial Ghbe : And another Right Line K S^ for the IViV 
dpal^ or Firjh Meridian^ fsom whence the Loitgknde of Places be- 
gin to be accounted either Eqft or Wefivari from it : which Hiro 
Lines crofs each other at Right Angles in the Point si< 

Secondly; The LoMgiUide of Jamaica being 7*. 3 5 deg. Reduce 
them intoMiles (^by multiplying them by 60) and they make 4701 
Miles y, which taken from any Scale of Eqml Parts let upon Ac 
JEquinoSial Circle from -a- to a^ tow lirds tlW#^, becaufe the JDow- 
gitude was Weflwardv And through that point a, draw a Right Line 
n a 5^ parallel to K <e S , the Firflr Meridian^ fb fliall that Line 
If tf 5, be the Meridian under vdiich the Harbour of Jamaica 
lieth.— — AlfotheLaigftfc&of the Cape of Good Hope^ being 27. 
- 56 deg. Reduce them- into Miles (by Multiplyinff them by 60) 
and they make i6^o Milet^ which fei from ^ to A, and through 
fc, draw; a Right Line nb s parallel to N <« S, fo (hall this 
Jaine n hs^ be the Meridian under which the Cc^ of Good Hops^ 
lyeth. 

" Thirdly,The Xatztjirfe of ytfwwictfHn^^wr being iS. 25 degrees, 
reduce them into -AG/ct, and they make 1095;, whifch ftt upon 
the Line nas from a to If, towards « f becaufe the Lati- 
tude vrzs North) fo fhall'H be the Point reprefenting Ae Bar- 
bour of Jamaica, And, If you draw a Line through this point H^ 
parallel to the JEqninoBial^ as the Line H A, that Line fliall repre- 
wnt the PafaEel of the Latitude of the Harbimr of Jamaica^ viz. of 

18. 25 deg.- Alfo, The Latitude of the C^p^ of Good Hope be- 

?y. 8^ deg. Reduce them, into Jtfifcj, and they make 21 yi, 
which ftt upon the Line nb j, from h downards- towards s^ (ht- 
caufe the Latitude is &ifti j to C, fo Ihall rfie point C, be the 
Point reprefentingthe Cape of Good Hope : Through which, if 
you drawa Riglit Line. C A,^ parallel to the JSquinokial^ it Ihatt 
reprefent the Parallel of the £fll/tir& of the Gape tf Q^Hope^ 
viz: of ?j. 8 5. deg. oE South Latitude. 

Laflly, Draw the Lines H C, C A aiid A H; fb ihall Von 
havd-conftituted a-Rigbt-lined Triangle , Ri§ht-^i?if ^t A 5 from 
whence fhall be deduced and refolved ^l fuch Pr&bkms and 
Navigati^^ RSiConcQXXiLo9tgifn^^Latitude^ Rmnb (at Com ft) anc> 

Miftixncc, . 

BROB- 
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TWO Pbcet, Ifin 18-25 de. of Ihrtb Laiituie, and ^8. 3? d. 
ei Weft Lot^itnie : And C, in 35. 8j deg. of South Latp* 
tnie*^ and in 27* $0 de. of Eaft Lmitude being Given : To 

I. TntSmS leading firom one Place to the other, the Jngk 
HCA. 

n. Their Diftance : upon the ftiwJ ^ H C 

The Difference of the tofsitudes^ and Latitudes of the two Piiir^ 
beir)g Fomi, and Reduced into ^'2?i, as is ih^wed in the two 
foregoing Problems : Then, in the Triai^l^ H A C Right-anglefl 
at JE^ you have given, (i.) The Perpendicular H A, the Difference 
of Latitude 3246 Miles : And, (2.) The Bafe A C, ^eDmren^e 
of Latitude 6^$! Miles ; By which you may find the Kumb H 
CA(hjC AS E I) and the Diftance HC (By C A S E VH) 
ofR.A-RT. 

. I. ¥cT the Rumb VLC A. 

As A C, the Dif. of Lopghude 6371 M. 3.862842 

Is to the Dif. of Latitude H A 3 246 M. 13.711348 

So is the Radius^ Tang. 45 €eg 10. 

To the Tang, of 27. 07 deg, 9.708706 

Which is the Jingle H C A , whcrfe Complement H C 
41— —A H C, is the Rumb^ 62. 95 deg* fhat is^Nofth-Epft^^ 
erfySl. 93 deg. from C to H^ dXid South-Weft efiy 62. 9 i - 
dieg. froiiiHtoC • ' 

r 

2. FortheDi^^c^HC ' 

As the Sine of A H C the Rumb 62- 93 deg. 9.9^9^/0 

Is to A C, thtDif. ofLor^itude^ 6351 M* 13.802642 
So is the Rad. Sine 90 deg. m ^ 

To H C their Diftance^ 7 1 3 2, 4 M. ^8 j j 2 3 2 

p R o B. n. 

TH E Rumb C H A, 6% 9^ deg. And the P{^«.'fe «/ Lok- 
gituie AC 5 3 5 1 M. Given, to Tind, 
I. The D'Tference of LatihideH A, And . 

Fff2 il.Thc 



^10 
DUt 



U. the Dijimce HC- ^^ . 

By C A S E D. an4 C A SE V : Of R. A. P. T. 

« 

I. For the Difer€fice ofLatituis H Av 
As the Sine of A H C, 62- 93 d^g- ' 

Isto the Sine of H C A 27. 07 de/ 
So is AC, theZ3(f o/ion?irti^«635i. 



9^949^yo 

9.678086 

3*802842 

13460928. 

9^.9 49610 

i?.8o2«42' 
10. 

3.8j;32?2 



To the Diff. of Latitude HA, 3246 M. 

' 2. For the T>ifcmee H C 

ite the Sine of the tiiimb A H C 62. 9? de. 

Is to AC, the Ti'4- oi Long. AC, 6?5i; 
So is Rad. S.> ^Q d. 

To Ae Pi>we H C 7132. 4 M.. 

P R. O B. III. 

TH E Djjtmtce H C 71 5 2. 4 M^ And the Dijprmeaf Za^i- 
«»<fe AC, 6351 M. GfiiKW 5 to Fmdi 
I. ThcXiwit A H C, And: 
If. The Viffetence of Latitude AH. _ 

By CAsIe ffland CASE VI, of R; A. P. T;. 

li For the £i(M( A.H C 

As Ae Dijfcwce HC, 71 3?. 4. 

Is to the Dif. <f Lwptui» AC, ^351 M. 
SoisAii. & 90<ie 

To the Sine of the RumbSi: 9? de.- 



yB??r74 

13.802842 

lo 

9.94^^58 



2. For the DtferatceiiSIfiahttieH'A. 

Ehving found the, Rumb, by theLaft, Sayv 
As the Sine of the Rmb A H,G, 62. 93 de. 

Is to the Dif. of Longitude AC, 6351 M. ^ 
So is. theSine of H C A, i-j. 07 deg. 

t 

%>tU Dife oCLatitude H A- 3246 M.^ 



9.949<IQ 

3.802842- 
9.678086 

1 3460928 



F ILO B. 
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TH E Dtflmce C H, 7 13 2. 4 U.:-^^itWTf^emaif Lati^- 
tude H A ^ 246 M. Given : To find^ 

I: TheJCwfii H^A,'- .•••:.u.:.:. . ■,. . ■;..-, 

IL The Di0retiee rf^Lorghttfy A C. ' -J ".' -• 

BjC'AflEfe yidCA8^'Vl.;,ofl!|t.;^X' RC ,. 

.-• • ■- •■•'".•'i,'. - ^ '.<■' .'•* . '• /;• ; ■ 
I; Forthe Jsifwp. 

Ai'theblftaiK*. H'C7i32-"' 4M. .' •' '. ' :£7vf[^£2^ 
Is to the Dif: La^L H A'3246 '■'-'■■■ •;-! .1^.^113}^$ 

Sois the Radius Sinfe ^de. • .. '," ' "• tQ> 

. To the-6ine of 27: 07 dcv H C,A; "' ■ -' ■ '~p 
WhoieCaajplemeitt>is,AHC'th6llwii]P"52. ©"j.-de. 

As the Radius Sine 90 4f* ^ ' lo 

Is to the Diftance H C 7132. 4 M. ' ' '3.8532^2 

So is the Siiw^ of H C A 1^. 07 dcp • • , .: 9.658086 

To the D/y of Longitude A C 6371 M- • ^ 13.511318 

P a O B- v: 

A, iSJ/p at H^ the Harbour of Jamaica^ in 1 8. 25 de. of North 

Xmu JLatitni^s ^x^Wefi'Loughnde 78. 35.de. bein^ bound for 

the Ljzardy which hres in 5 a 34 oie. of North Latitude ^ and 

5. 96 de. of X^ Longitude : Aiid Ihe fails upon thefe feveral 

CottrJeSyVrL (i;) North-Eaft \6. 25.deg. 42.. 16 Mks from 

Hto K. (2.) North-Baft 60. 00 deg. 25. z^^^ Miles from K*^ 

to L ('i.) Diredlly Norths »32. cd Miles front L to 

M— C4-) North'Eaft:^ 60 ^ 12 deg. 28. 16 Miles ^ from 

M to N.- (%J) Nortb-Eaft^ 46. 50 deg. 40. 25 Miles^ 

froniN to O (6.) Direftly Eaft 28. 00 Miles,, from O^ 

to P Aninow I would know , 

Ik The Difference of Latitude^ P R^ jind Difference of Loffgitudej 

H R, at the end of each of thefe'Cp»r/^5. 
n. How the Ship being at P, bears from the Harbowr at H, from 

whence ifhe came. 
m* In what Lmitnde and Latitude ihe then is. 

IV, The 




-^ J*." 



:3ia AnciUa Mathmatiea* 

T^ IV. The ncareft Dilaitce from P to H. 

I. TBe Geometrical Conimididn cmi (graSiuil) Tdgonometrical 
« Calculation, p/ril^irib2^Tra^«rs. , , 

DRAW a RiditXine NS for the MeriitM \ and another 
£ W at Ri^t-angles thereto^ fcur. the ParaBel of the I.^*- 
tnie oijitnaica^ croffing ^ch oth^r at H, theipointpf the Har- 

ihmr^ where the Vcy<^e b^ins. Then, 

* ♦. *••''•' 

•i The Firft Cmfe being Nurtb-JEafi 16. ay de. make die 
Angle oftK equal thereto : And ih^dtpance Sailed being 42, 16 
Miles, fet them from H toK ^ and through K, draw^ aK par- 
raHel to WE : Soihall you have^ conftituted a Tnmtgle H « K, 
right-^gled at <?, in, \vhich there is given, fi- J *he UtmA (xx 
. ^Courje) a UK 16. ij deg. fj.^'theDj^Jwc^ Sailed tipon that 
RMmb^ 42. 16 Miles: by which you maj find, (^i> the Difer-^ 
ence of Lofgihide a K, 11. 86 M. And C2.J) . the Drferencc of 
Latitvde Uu 40. 47 M. By CASEW. of R. A. P. T. 

I. For the Difference of i&ofj{j>w?f a K., ^ . 
, As tlie Radius Sine 90 deg. ig 



Is to the Diftance (ailed H K, 42. 16 M. i-6249Co 

So is the Sine of the Rnmb a H K 16. 2 J d. 9.44689^ 

To dr K II, fio M. ihe Difference of L^. ijr 1.07 1793 

2. For Ae Difference -of Latknie H tf. 

As the Radius, Sme 90 .deg. lo 

Is to the Co-fine of the Rumb a K H, 73. 75 'Je, 9.982294 

So 18 the Difiance failed H K,-42. 16 M. 1*62^000 

To H a 4a 47 M, tl» Dif. of Lkkude. ^ •+> 1.6071 94 

And in fuch difference of Zmtgityde jsmd Latitude will the Ship 

be, i\^b6n arrived to IC , . 

II, The Second Cotirfe jbemg JKortb-EaJf 6q. 00 de. through 
tlie point K, driw a R^ght Line /^ e parallel to N 5^ And on tSe 
]X)int K protract an Angle of 6e. co deg. as bKh^ and ftt the 
ciftance failed 2?. 56 M. from K to L 5 and through L,. draw 
L b parallel to W E : Then in the Triartj^le ^ K L, tl^re is given 
the An^le b KL the Rumb 60. 00 d. and the Side K L 25. 

36 M 



^SM* the diftaiice upon the Rumh^ whertBy iriay b^ found h L B^. 
the Differ, of Lang, and K b the Difference of Latitude^ as in the LXH^ 
former Cowfe. . 

I. For the Difference of ZotjpW^li L.. 
Ais the RadTus • -^ 

To the DifioHce Sailfed K L 25. 36 M.- . - 1.494149 

So is the Sine of thsUMmb b K L 60. oo< d. » s ' 9-9;?7'>^o 

Tathe Difierenee of Ltmgituie b L 21. 96^M,^ \*i-34i679 



» 1 



. 2. For the, Dilfefence of I^tnde K b. . : ; ♦ 
As the Radius • ' ^ . •• » ;/' '-': /lo/ 

To the Diflatice SailcdXX, ^^. 36 M. ' . " , - 1.404149 

So is the Co-liheof the .feiwfifr b L K 30 op d: . ' ^9.^989^0 

To the Difference of Latitude K b 12. 68 M.' >J< tiiof 1 19 

III. The Third Courje, hein^ dheSly Norths and Ae D/}fcwcfi 
Sailed ^ 2. 00 M. Through the Point L, draw a Right Line L c 
parallel to N S. And becaufe the Courje was direaty iVbrt&, fet 
32. co.M. (the D^/f^ctf failed) from L to M •, and to that Point 
is the Ship now arrived; which being in ^ the ^rt^Lmgituie as 
when ihe was at.L^ the difference of Longituid is nothing. But 
the difference of Latitude is the iame with the Dijlance Sailed 5 
viz. 3 2. o© Miles, or Minutes. So that for this Cow^ there is- no » 
need: of any Trigcnometriaal Cahdatio9f. 

ly. The Fourth Gimrfe ])^x)%NcrtbhEaft 60. 12 d^.coiitkuie 
the Line L M' to c. And on the Point M, protrad the Angle 
of the Rund?^ *f M N 60 M 2 n). andfel:,the difiance (ailed 28. 46 M. . 
from M to N : And through 'N, draw- N.c^ parallel taW E. Then, 
in the Triangle M.c N^ there is ^iven the^ov^^ c M.N. 60. 12 de. . 
the Courfe or i?jm/^ :♦ And the Sidfe M N 28, 46 M. the Diflatic^ 
Sailed 5 by which yoU:ixiay find; the Side.c-^N, the ©ifference 
of Lof^ituie ; and M c- the Differewerof La^ihidei > In the iknifc 
manner as. in ihe two tfiriliGirr/^i. . .^ 

r I. For the Difference of iMfgitude.^ M: : . 

As the Radius^. 10. 

Is to the D;}?awc^ Sailed, M N 26. 46 AEf 1.422589 

So is»the Sine of the Ifitwi'c N M, 5o I2d.» . 9,9^8054 

To ^e JDifierence . of Lonfftnie c N 22; 94 M: 4* i . 3 6064?-. 

2..For^ 



3*1^4 ^mrtla Maihenutika. 

i^. "^s^sFor the Difi^erence of . Jlotitir Jl? M c. 

iLXD. AJtheHadius ' to. 



Is to the DtJicmceSsjXtd M N, 2^. 46 M. • 1.422589 

! So is the Co-fine of the Sjtmbc N M 29. 88 M., 9'^97?9i 

To the Difference oStatitnde M c/ 13. 18 M. ^ ^1.119980 

being Naftb-Eafi^i. ^o ^ thrcHighthe 
JEoint N, draw a Ri^t Line i N /, paiaUel to the Mmdian K 
S : And upon the Point N<» F^''^ ^ .ifflffeof die Ramk^ d M 
O, 46. 5fo dcg. Andfetthe Di^^c^ failed 40. 2$ M. from N to 
O5 and throijrfi O, 'A»w i O parallel to W E Then, in the 
Triangle N ^ O, you ^have given the Jf^le J N O the Jbimb^ 46. 
^0 deg. And the "Side N (X the^Df^Mce Sailed 40. 2^ M. b/ 
which xasLj be found, the duference <sC X^pqptvife JO, and me 
^difference of Latitude K J, as before 

I. For the Difference ofZot^itudc, iO. 

As the Radios Sine 90 de. ' \ *ra 

To the Vtfhtnce failed^ N O 4a I2 J M. , * . ^^04766 

So is the Sine of the RmA dN d» 4^. jo '&. /^Mo%62 

To the^Differ«ace of Longkudc d 0^ 39- 1 9 M. 4^1465928 

2. Tor die -Difference of 'Jti»ttfiii(5 Nd, 
As the Radius 10. 

TotheJD7/?a»c^Sailed. N10, 4a^2^M.. 1^04766 

So is the Co-Sine or the Rwnb d ON, 4?- 5:0 d. 9.8}78i2 

Ta the^S^erAKe of -jUtftwfe K^ 27. 7p>^» 1^*1.442578 

VI. Tht 5ixth tl)tt^ 'being direftly :£^/ 2 And the, Dijtm:e 
iSailed 28. 00 Miki, contmue the Line or Parcel ef O, and fet 
the Dijlcmce failed upon it, vix. >2 8; 00 M. from O to P, and to 
^dtat Poijft is theShip ^ow arrived : whkh beilK hi the vttnc Rn 
T4dlel of i^tknii Us wh«h fhe was at O, the Difterence of Lstitvde 
fenothihg-: But the Bilferen^e of Zottptude is equal to die DfL 
/offc^ Sailed 5 nameljr 28. 00 M. So that tor thisVamfi^ dicre 
needs no TrigmiMtmcal Cuknlatim. 
jy^. Having thus finifhed all the Coiry/?^, you find the i^ertMce of 
I.XI1L ^f^^^^de and Difference oi Latitude to be&ch as arc fet down in 
the Scheme of the Trawr^ And thus is^ the Ftrjifiart of diefVc* 
'WrtR refolved. * Now for the Seconi -« 

VlLFroai 



r 



5^5 

Fig. 



^r. Prom i)u5 Point P (m your Trovers, Fig. LXIII) draw UJll. 
a Right tine to H, iht. Harbour from whence you began, and 
from the* fime Point P^ let fall the PdrpeMdicuUrV R, upon the 
Line WE: So (hall you have conftituted a R^bt-atfgled Plah 
Trimble H R P, Right-an£led at R : Rjr the Scjlution whereof^ 
Che other *parts of "die Ftmm may be Atigtmometricafy refblved. 

Vm. Colled the ieveral D^ermces of I^itnJk and JLatitnde^ ' 
into one4Sum as it done in die fcdiowing Table. 



In Ae 

^Caarjc 
>&om 



H toK 
K to L 
L toM 
MtoN 
N toO 
O to P 




29. tyiH d 
28. 00 ^ O 



ibiiference^ 
Latitude it 



Mile* 
40. 47 

12. 4i 

i^ 18 

27t 70 



IHR. 



126; 03 j 



By the T^k you find the Swn of all the Difermus of huHp- 
tnie to be IH* 89 /l/i»« or Mhmtes : Which reduced into i^ 
grees and Miimtes (l)y ^vid^g ^heni bj 60) they make t.ft 
deg. Which (iibftraded from die lAwgitude of yamaica^ J^.^S 
d^. thore remains j6. 34 deg. for die Lo^g^tuae in which the 
iSfrq^ is^ beilDg arrived to P. 

AUb, you find by the TWlr, the Sum of all the JPijferefices of 
i^ilvi^tobe I24» 3^3 /2/Z»: whifii reduced into 2)^^^^, makes 
i* 10. deg; Which:. being. addeci -to l8« 2$ deg. the Latitude o£ 
Ja^ca, it makes 20. 3^ deg. for the Latitude in which the 
Sl»p is at P. And thus;ts die Second part of the ^ProShn re- 
folyed. 

Now for the Third. 

^ IX. fhe next thl^ to be found is die kimi, Courje^ or Be^^ 
htg of the Ship, fte being at P, to H, the Harbour itom whence 
Ihecame.- — In the Tnangie P R H, diere is given^ (i)' The 

Ggg 



21 J AhciUor Hathematitai 

Ffg. SideHR, the Diferetice of Longitude ii?. 89 min. (2) The 
TviTT. Differeftce of Latitude T R, 126. oj min. To find the Angle H 
^ PR, the Rumb : hy CASE I. of R. A, P. T, . 

As the Side P R, Dif, Latit, 126. oi'M.. . . 2;ioo474 

It to the Side H R, Dif. Ltm. 1 1 g i 8^.M^ iTo$6^ 

StoiaRadiiw, Tang. 4J. 00 d«. : ' ' ': ' 10, 

To the Tangent of the Rufnb H.P R 4.1: 1 1 d, -9.^601 1 

So that the Cpurfe from P to H is Soutb-Weft^ 42^ 1 1 d^. and 

ftom.H to P, AVrirl^ a?- IniidL 



fj^ 



* • • * 



I ' * r » 



X. The kit thing, to be found i% the Jbortejf Dijfibtce /er Di- 
Jhmciujaaa the ft«*; CetureeQ.iH miP'. : By CASE V. of R. 
A.-P. T. '■•. 'I .. ' . I 1 

Af the Sine-of the Ibrmj^, H P H, 42* 1 1 d. 9.82^4;? 

Is td tile Difference of t^ttude HR. , 1 1 3. 89 M. 1 2.056485 
S41^ the"Radiii,'$ite'9o-a.' JV ' lO;^ 



2*2)0050 









■JfF^from.ihfeJ. , 

X it^iray^ bt^iveen AaiNlartb ziy\ |he^tf/J as HP 169. '^S^Jiikiy 
an d t liai find tfiin I hi v e d e wf t e d nrom the JHeiidioH from 



whence I canoe iia.Samin* . I .would tBlen koovr 



'tUtJontirhat&^wJI'ftpei^r And' r- ^ - ^ 
jtl, How taikb I Ikye alteiiii^^f LMr^fadA ^' - ' 

THIS >(*&»! may te refdl^^diAflie TW^yi^bH R PttfrwWch . 
there is Given^ (i) The Side H. itt* l9ieSiJfdme Smki upon 
the Unknown if irwt. 169. 83-^-.* (2) t^heSWeWR, thfeCqwir- 
tvr^ fi;omthe Meridian dFH, from vrhence^^'Votf laifed, .11?. 89 
M. by which you inay fiiJd>theAilrfcfr'»HJ AeJSffiib&iled 
upon : By CASE ni, of Jl. A*, ft T-v - ^ ' 
As the DiftoHce failed H P, 16^. 83 M.-^ ' ^r229ci4 

Is to the Radius, Sine 90 de. I^. . 

SoisthfcZ)^arf3^(?HR>H3.:89Mv ' 12,0^3191 

To the Sine of P H% 42. i.r deg. . >• | 9^24177 

Whofe Cjomplemeht 47. 89,deg, 15 the Axjgle P H R^ .that is 
i\WA Eajl 47, .89 de. the Rumb. t * 

• Then 



y 



Tbc» for the DifTerencd of Latitui§ P K. LIQULI 

As fhe Go-ffiie <rf the RntnbH P R, 42^ n d. \ . ^^«82g4?; 

IjtotheDipflrrtiirf Hk»'ii?.'89M. ^ '2^05^485 

So is tJieSine pf Kumb V H R, 47. 89 d., . 9.870521 

11.926806 

TotheSidePR 126.05 M. the D^of£^;t/ 2.100371 
Which reduced ioto'de& jok^ 2. to 4eg. which is the dif- 
; '.ferfnc^.of£tftfbfig,w^ 

JLatitude of H, from whence you came, makes 20*: ^ 5 de. 
Tor the IiotftifdS^ io which yoii are at P« 

' * • * 

The Eight foregoing i^ SL E MS, vrert all refolvedby 
-BighvmigUd nainTiii^^ Xhei(e Mrhich follow, &U under 

theCAS£SG{'0»^.^^ *: 



PRO B. vn. 



Nortb'Eafi J%. 






ASi/p at C in 24 djf.'9f N(nrtb Zaiitji\ Sails i 
?;2. jadeg, 64; joTBifex to !>: And from D, (he Sails LXtV. 
between the Soitffr'iidth^Eajf.'i^^^^ «5: Aett fecjs 

that ihe is in die lame iMhude G^M^AfeMe ^ fyft came : I 
. tvould now Icnow. • . • - - -• -^ : . ' ] 

, , !• What was th^JR»jj*^(^ ^<^) froq^^ ^??j* 
11 11^ Difference of Lmi^tude betw^ C and ¥. ' 
in. nliat LatitrnjU the Ship was in. when^ w^^ P- ^ 

Tl?e Georpetj^c;?! Ck^jjfljiu^^^^ ^he Ji^lirf • 

Firft, Draw a RkhtXsPf ^ S lorthe Ji£^*4iK^ ^'d at Right 
Angles thereto another WE, for the Pinrallel o^l^atitfideaz. 00 
^.Ntntb. , ., ,^ • ^^'*' '^ ^ ^= *^ 

Secondly. Upon E, yrtiti^.t^e-^ ^hti^t 6iF thto'fijfli* AVf A- 
.M^ 22- jpdeg.>CDahdfetthei«Bfl'i54.foMv'the^i^^ 
^i6om Ett) I>v and thrcuj^hHliei^iit'D, ddwaiidlif^ 
D a, parallel to the Line w E. 

Thirdly, Take theDiftoHct Sailed from D to F 124^)0 Milas 
— ^ pmpafTes, arid fetting one foot in D, with the other de- 
Arch b c^ croiling the ParaUel of Latitude W E, in the 

point F. . 

G g g 2 Fourthly, 




mi% AmiUAHathemMtkOi 

Fit' - Fourthly, Joya C D and F D, lb {hall ycju have conftituted 
T TIV an ObUque-mideiTnmh DC F, In-which there is Given (i) The 
Sidech, 6t$o M..(2.) The SUeDF iit±.oo M.and (3.) The 
uiitgk D C F, 67.50 de, the Complement or the Rumb (ailed upon 
firomC to D i to find (1.) The Aniglcs at D and F^ the Rumhi. 
(2.) The Difference cSLonptuie between C and F : And (5.) The 
Diifference ci^ Xa^jVwfe, C a.. 

By TrigonometricalCalaiteioft 

I; For the Kkmb- (br Camfe) D F< By 6 AS« 1. of (X A. 
P. T: • • . 

As thebift. failed from D to F 1 24. 00 M. 2;o9;42i 

IstotheCorfineofthe X»»it,fromCtoD, 22. yod. 9-96y6i5 
Sp-is tli|.p?^/wt¥ failed, .iromCtQ D 64., 5p M. . i.8o»s;9 

•, • ■ •• ' ■• •> i- •• .-, , - ''■"•77J174 

To the Sine of the Angle D.EC:28,;72,d». 9.68i7y? 

Whofe Complement 61. 28 de. is the Exmb' from FtoD, 
that is Narth-Wt^iS)i. 28 de: Aad Soutb-Ea^ 61. 28 de,. 
ftom J) to F. 

■ • . ' U ?9^*^ .I?|f«r«i« of £SM8ft*& C F.- 

iTjc Angli at G an"4 Foeing koQW^ the Angle af D is alio 

knoum, and wUlba foand tobe 96. 22jde, Then,. ; 

As the Sine of DF C, 28. 71 deg. 9^81720 

Is to the DiJUmee filled Jfrom C to D 6.4. $g> M. 1.809559 

So is the. Sine Jaf the .^ngle CDF, 83, 78 der 9-99741 1 

. , ■ *' ■ . 11-80^^70 

To'^Vijp of tavtnJii C F; 133. 43 MT i-iayayo 

2. Fbr the Dif. of latirtif, D 0, equal to C «• 
fcy C A S E IVi of R. A. P. T/ 

As die Radius Sine 90 de. - ^Q*.- 

TAtfcel>i)?.fiiledfromCloD^^4*,5ipM.. 1.809559 

So is.Ae Co-fine of the l^fpn^ from C to D 67- 50 d- 99^5615 
XotheDil of IdUitudeD G^^Ri C, 59. 59 I* »if».«'775 174 
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PR OB. VIII. 

• • • . « 

TWO 5iip» fet Sail, from the Fort P, One of them Satl* jpr. 
Nortb-JTeft -JO. oo deg- io6.6oMles toO^ The orf«r Sails, lxv*. 
SaKth^efil^- Oo deg. 236. 6aMil«8, to M. I demai^d, 

h How the two Shigs at 0/and M, do Bear from .each ' odier ; • 

And 
' H. Their D'lfimm UtO^. , , 

The Geometrical Conflruaion; 

Having dmw» your Mert£aH N S, and ParaM W E, croffing. 
each other at. Right Angles in the point P, which let be the. Fort, 
from. whence the two Ships failed. Then, 

Firft, Upon P; defcribe an Arch ai a CircKas n.om: And 
Becaufe the Courfe from P to O,. was Narth-Jrefi 7a 00 deg. let 
20 d«. (Ae Complement thereof) from to w j and thrcugh 
« dlaw a Line, as P wiOjfetting thereon 106. eo Aiiksfiom 

^condiy, Becaafe the CoMrT* from P to M, vnsSmtb-veft-j^ 
00 deg:,fet 16. GO deg. (the Complemdit' thei'(«f:^om'o tow,- . 
And t&oogh «, draw P w, fetting thereon; the Diftance iailed, 
wz. 2?6. 6oMilesfix)ihPtpM. «. •• 

Thirdly, Toyn O and M. So (hall you have conftituted an- 
ObUQHe-J&d Trimgle P O M J In whicli thare is Gwett^ (^'l^** 
AnaV OP M ^6 00 dee. the Sww of the Complements ot die 
B^rldS^o ShipJ^C^The two ffides P.6 106. 0^ 

and PM 2?6; 60 Miles. The ftvcral D//fl»<»* which the ftro 
Ships lail6d : And by^help of Aefe, you may f ini (0 The - 
Bemti of the two Sbps one from the other: ABd(2i) llwr: 

IS^ TrigonometricarCalodation. 

I: Fo» the Beamgi, CM P and M O P y, , 
By CASE n. of O.A.P. T.. 

The SM of the 5f«?«/», P O and O M, is, 542.0^. Wf 

Their DflfifWCf. .130.00. iVb 

life 6ii/&» of the Uiyknown M^* M andO, is 72,00. De. 

Being thus p«epslred, %, . 
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:y%i AnciUa Matbemaika. 

F^. As'^e'Sum of the Sdes 342. 06 j^y?4io2 

U^* ^ b to the Diference of the Sides i ;o. 06 2.1 1 ; 144 

So is the Tangent of the t Sum of the Jfgks 72 d* 10,448224 

^othe Tangent of 46. 80 degrees. 10.02726^ 

WHch 46. 80 deg. Jdded to 72. oc deg. (the&tf^ Snm of the 

Angles O and M) gives 1 18. 80 d. for the Angle M O P ^ 

And 46.80 d. fuMtiaaedlTom 72 00 d. leaves 27. 20 deg. 

for the lefler Angle OMP. 

Now for the Seam^^ (ubftiaa the Bean9ig of the-Ship from P 

toO) viz. 72. 00 d^. from 118. 80 deg* (the quantity of the 

MO P) there wiU remain 48. 80 deg. for the Angle M OQ., 

which is South-Weft 48. 80 d. and (b doth the Ship at O Btar ftim) 

<fae Ship at M. And theShip M, hoi&O^Ncfth-Eaft 48. 00 deg. 

2. For^tlie difiance of the Ships*M andO« 
As the Sine of M OP, 118. 80 d. (61. 20^ 9.942656 

Is to (he D^oyrc^ failed from P to M. 2 j6. 60 d. 3.^74014 
• So is theSine of O P M, 36. 00 d^. -9*7692 18 

^2.I4?232 

To tlie Biftcmc^ O M 158. 70 M. ^.200576 

P R O B. fX. 
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' nhat at M) 5:^. 64 Miles ; and fipm that at K^ 8o» 9^2 Miles ^ 
Now I waold know. How the|(biii^atl^ bears from the other 
twolflmidsMandK. 

.'The 'Geometrical Coaftreaion, 

Having drawn N S for the J&riiww, and W E for a TaraM of 
Zatitvde^ crolBng each other in^ tha .point K, wl^let be the 
^lace of one of the Iflanis 5 Then 

The IJt^i My lying direfldy Nortb therefinom, -at ,the Diftsmce 

^37'7V M. Set 57. 75; from K to M. And b^caufe the 

JtofiiatLisdiibmtfromthe-i^flr^tffc,^^ 8c. 92 M, with &at 
-diftance, fet one foot of the <^vmdTt$ in K, and with the otficr 

^efcribe the Arch a b.^ Alfo, the difianeeof the ^d at L, 

beiqg 
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^mgdifkmt from M, 5^9. 64 Mil. with that diftance C^ one FJg. 
foot in M, and with the other defcribe the arch c d^ croffing LXVL 
the former arch a i, in L : -r— -Laftly, Joyn L M, and LK. 
fo Ihall you have conflatuted an ObUqiie^Jjighd Trjatigh K L M j 
in which all the three Sides are Given And the JAyfcy ^t K and . 
M are Required : 

Therr7^/)«>»irtrz(MfZ Calcolation- 

As the Greatefi^Side K L 5 80. 92 M. 1, 90^0 y^ 

Jstothefi/^rf KMand LMj.^^y. 39 M. \,^ ; 1.988427 

Sb is the Difference jof thofe &y^, 21.; 89 M: ' •V.3462i|.d ! 

.3-328|7r- 
- T5e> the Part of the Gr^af^ 5/ife L 0» 25. ^4. j.420^15; 

This L 0, 26. 34, fabflxafted from, K L 80. 92 leax^es 5f4. 5^ for 
Mother part of the longeft fideKO^ andthe half thereof^ 27... 
29 16 the part K P or P O. And now^ the ObUqite-J^led 'Trt^ 
mgjie K L M, is Reduce4^o two Rsgbt-angkd Tricmhs M P JC^ 
amd M P L^ in feoth which the HfpQtptufes and Bajes are given, . 
by which A0 other Jffgksmaj be fomd. B7 CASE III. of R. 
A. P. T. Aoctrfding tor t^^ich' ybuffiall fuidthe ^fe M K P, . 
tobtf 43.71 de. andthe^feMLK 25. 94deg,'^ — So that 
LBdtsfr'om K Nortb'Eqft 43. 71 de^-^- — And M&oinMrtlh 

P R b B. x; 



' ♦. 



Itfere zte tw(^ l^ad^ix^is at B and-C\ which are diftant jpj;-^ 
?5&,oA iUffex*, And there isa Rrt at A^ from whence two iSA/pi jjjn^^ 
feil to thofe. two Head^Lands^ the Ship from A toC, faili . 
Soutb-Eai^^ 9o.deg. and that from A to B^ South-Wefi' 
72. 10 de. And bqlJi'the SMps -together have (ailed ^2^.\ 
1 2 Miles. , 1-. demand the Vifiance that each Shij failed 5 
Or, h^w &naris dtiler c£ the Hisi-Lmtds. &om\1& Bort 
at. A?' ' ' .' ' 

The (ieometrical Conftruftidn. 

;N^E Ship 6iUng,*Sojpfl&r-Ed? 34.- 90 dcg. and the other South. - 
. ^eft 7 2. 10 de^. the dinance of thait Runibiisl 07, oor de* • 
Wherefore^ , 

■ - ^ - Firft;:. 
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'^TPi_ ^ncilla Mathemmka. 

J^. -Fiift, Diaw^ two Lines at pleafure, as A B and • Atll^^&iakiQg the 
.LXVIL--*gfe*at A^ equal to 107. 00 de. 

Secondly,^ Take 3 j 6. 00 Miles, in your Goinpafles, <and al- 
ter them between the two Lines at pleafure,^ as at jd and C : cx>ih 
ftitutingthe Tria^k ABC 

Thirdly, Xlbntinue the Side B A to D, makins A D equal 
to A C, and joyn C D, conitituting another Oblique-angled 
Triangle D C A^ in whidi there is given, (i) Tlw An^ 
at C^B, 73UDO deg. (the Complement -of 1 AC to 180 
d€gO And (2; The Angles ACD and ADC, each of 
'tiiem equal to halCthe Angle BAC, x/iz. h> $9.50 dea 
Then in the Obliguc-Angled Triangle D C D, lay, 

As the given Side B C, 356.00 M, 2.5; 14^0 

is to the Sine of B D C, 5 3.5.0 de. 9.905178 

So'is the Side B D, 424.1 2 M. 2.6 27488 

To the Sne 0/73.27 dcg. 12.^32666 

9^981216 

Whidi is the quantity of the Angle I) C B : Froffl whidi fiib- 

' &aa the Angle ACD, 53.50 de. there, will remain 19.77 

d.foc the A^le ACS. Then in the Tlia^gle B A Q 

As &e Sine B A C, 107.00 d. r73»oo^ 9*980^19 

Is to the-Side B C, 3 $^^00. 2.551450 

So is the Sine of A C B, r9.77 de. 9*529231 

r« « * ' ^^ * 5.080^8 1 

TaB A, 125.90 WL . 2.100062 

^Which fuhftraaed ffomBD, 424.12, there remains 298 M 

for the Side A C. the Diftance that the odierJHiip fiiled. So 

that the Port A, is diftant from the Heod-Iafld C 298.22 

M. And from that at B, 125.90. ^ 

OP R O «. Xt 

J=5f. Two Stdpi fet lail ham two Head-lands at B and C difiant 
. LXVIU. from each other 356. 00 Miles 5 and meeting together at A 

thej obferve that the two Head Imit bear fo from their sJiw that 



Hie 



Fig. 

The Geometrical Conftniftion, LXVIH. 

Firft, "pvRAW a Right-line at pleAfure^ as B A D^ and upon 
JL/ any point thereof, as A, protraft an Angle of 
107. 00 deg. 

Secondly, The Diftance of the two Head-lands being 35?^. 00 
Miles enter them between the two lides, at B and C, and jojm 
B Q making the Triangle BAG 

Thirdly^ Make A D^qual to A C^and joyn CD, fo have 
you conflituted another Triangle A C D. 

Now in the Triangle A B Q is Given, (i) TheSideBC, 356 
CO. (2) The Anele BAG 107. 00 deg : And in the Triangle 
A C D, the Angle BAG being 107. 00 de. the Angle DAG 
muftbe 73. 00 de. And the Sides A G^and A D, being equal (hj 
coi^bndion) the Angles A DGand A G D, muft be alfo equal^ 
mz. (leach of them) 53. ;o deg. And being thus &r prepared; 
you may proceed to fmd the Angle A G B. 

By Trigonometrical Galculatioa 

As die Side B iC, 5.5^. 00 2.7^1449 

To the Sine of the Angle A D G, J 3- Jo d. 9.905174 

So tt the whole Side B AD, 424. 12 M. 2*627006 / 

12.532178 
To a fourth Sine, 73 o5 d. 9.^0729 

This 73. 06 d. fliould be Ae quantity of the Angle DCB, 
but (hy the conftru€lion) the Angle youfee isObtufe ^ and there- 
fore the Complement of 73. 06 deg. to 180, VIZ. 106. 94 deg. 
is^he quantity of the whole Angle D G B. From which if you 
fubftra£t the Angle A CD^ $3. 50 deg. there will remain ^3. 44 
^eg. for the Angle AG B. 

Then 
As die Sine of B A G, 107. (73. cod.) 9.980^$! 9 

IstoBG 356. 00. ^.^$1449 

So is Sine A G B, 53. 44 deg. 9.904842 

12.456291 

To the Side B A, 299. 00 . 2.475674 

And fo much did the Ship from B, fail to A, and that fubftrad- 
cd from 424. 12 there remains 175. 12, and fo much did 
the Ship from G to A Sail 

Hhh n. (y 
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Aftcilla^ Uathematicoi 



M. Cy M E R C A T O RV Sailmg^ by the True 
Sea-Chart 

AL L the foregoing Problems are performed by that^ kind of 
Nav^thmy commonly called Plain Satlirg^ or Sailhrg by thai 
Plant Sea-Ghart j in which Chart ^ the Degrees. ofLcmgituie ana La-^ 
thuie^ in all Places, are fiippofed to be equals which is Errorte&us^ 
though moft pradHfed : But there are two other ways of ScaHKg^ 
bdth more eiatSc than the former^ the one called Jiercatar's^ the 
d^er, &fiUtg by the Mddh Latitude. 

That oF .M?rc<ifor'* requires that the Degrees of Latitude in thzt 
Chart be mUrged as they go &rther from the JRqmnoSial towanfi 
eidier of the PaUs^ which is done by Reducing them into MeriHo^ 
nal Parts : but the D^ees oi Lomtudesinto MksBnd Centefms^ 
as in Plain Sailing : And for the Keiucii^ of B^ees and Mnmter 
of Latitude into Meridimal Parts^ I liavehere inferted a Tabk for. 
cbe ready p^ormance thereof, to evtry Degree iind ^oartcr^at 
xsCenti^msofzDqree.. 
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oil 

082 

IT? 
226 

300 

■574 

449. 
:526 

•603 
!<$82 

{762 
{843 
5925 
{009 
[094 

tl8l 

{269 

m? 

??4T 
?64i 

?739 

?8?9 

?940 

X 404-7 

4.266 
4380 
4498 

4'^I9 
47441 
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^ tabk of Meridional Parts. 



— 


C' ntefines. / 


1 --' 


Centefmes. 


1 





^ > 


50 


75 







25 


50 1 75 1 








ij 


30 


45 


31 


19)0 


1976 


1993 


201 I 


I 


^0 


75 


90 


105 


32 


2028 


2046 


2064 


2082 


2 


120 


i?5 


I JO 


.l6j 


33 


2100 


2117 


2135 


2IJ3 


3 


180 


i9S 


210 

• 


225 


.34 


2I7I 


2190 


2208 


2226 


A 


240 


255 


270 


285 


35 


2244. 


2263 


2281 


2300 


y 


300 


315 


330 


346 


36 


23I8 


2337 


2355 


2374 


6 


361 


37<5 


391 


406 


37 


2393 


241 1 


2430 


2449 


7 


4^ 


436 


451 


456 


38 


2468 


2487 


2507 


2526 


8 


482 


497 


512 


527 


39 


2549 


2564 


2584 


2603 


9 


542 


557 


573 


588 


40 


2^23 


2642 


2662 


2682 


10 


603 


618 


634 


649 


41 


2702 


2722 


2742 


2762 


II 


664 


^19 


695 


710 


42 


2782 


2802 


2822 


2843 


12 


72J 


741 


818 


771 


43 


2863 


2884 


2904 


2925 


13 


7»7 


802 


833 


44 


2946 


2967 


2988 


3009 


«ii 


848 


864 


879 


895 


45 


3030 


3051 


307? 


3094 


§15 


910 


926 


942 


957 


146 


3115 


3137^3159 


3181 


S>i6 


973 


988 


IC04 


1020 


i>47 
fi48 


3203 


3225' 


3247 


3269 


Q17 


1035; 


IO$I 


1067 


1082 


3292 


3314 


3337 


3359 


18 


1098 


1114 


II30 


1146 


49 


3382 


3405 


3428 


3451 


19 


1161 


"77 


119? 


1209 


50 


.3475 


3498 


3522 


3545 


20 


r22j 


1241 


'■257 


1273 


51 


35^7 


3593 


3617 


3641 


21 


1289 


1305 


1321 


1338 


52 


3^55 


-3690 


3714 


3739 


22 


1354 


1370 


1386 


I402 


5? 


3764 


3789 


3814 


3839 


23 


1419 


1435 


145 1 


1468 


54 


3865 


•3890 


3916 


3940 


24 


1484 


1509} 1517 


1.533 


55 


39*58 


3994 


4021 


4047 


25 


1550 


1^67 


15^3 


1600 1 


•56 


^4-'574 


4101 


412b 


4155 


26 


1616 


1633 


i6iQ 


166-j 


57 


4183 


42 1 1 


4238 


4266 


27 


1 


1700 


IJil 


1734 


58 


4295 


4323 


4342 


4380 


28 


1751 


1768 


1785 


1802 


59 


4409 


.4439 


4468 


4498 


29'l8l9 


1837 


1854 


1871; 


60 


4528 


4558 


4588 


4^19 


30 


1888 


1906 


1923 


1941. 


61 


4650 

■ 


4681 

• 


4712 

4 


4744 
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A Table cf Meridional Parts^ 




471 y 

49oy 
5040 

5fi79 



Centefi 



mes. 



12821 
14381 
17316 



4840 

4972 
JI09 

7251 

5880 
60^6 
6240 



6432 
6640 
6857 
7089 
73?8 



7605 
7894 
8209 
8yyj 
8939 

9371 

9S6t 

10441 

11133 

iii2? 
1401^ 

14914 
18729 



1% 



4872 
yoo6 

n44j 
J287 

i4?6 



5792 

57541 

5923 
6101 

6288 



9488 
10000 
10601 
11330 

182^7 



13513 

15545 
21170 



TBfr 



Of Navigafiom 3^7 

The Ufe of the Table of Meriditml Parts. 
Vhat Meridional Parts do anfwef to 26 deg. of Latitude; 

Latitude 26. 00 Deg — 16 16 Merid. Parts. 
24. 2 y Deg- — 1509 M. P. 
47. so I>eg — , 3 247 M. P. 
63. 00 Deg— 4905 M. P. e^iv 

2;- What Degrees and GVf e/J/w do anfwer to. 

679 Merid. Parts.7* Cii. 25: Deg. 

3 J 22 M: P. >Anfvrer<?c. 5:0 Deg.. 

9488 TVI. P. . S C83- 75 Deg. 

For the Refblvins of the following Problems^ \vhicli (in kind J •^- ■ 
will be the fame with thofe in Plain Sailhig as to the Trigonometric LXIX. 
eal Work. Biit in the jperformance of them, I will let the places 
propofed down upon ar Sea-Chart^ made according to the ProjeSioft 
of Mrcator^ where the Degi;ees of Latitude are ejihrged according 
as they tend nearer and nearer to the Pole : And on the out-fide ot" 
iuch a Chart ^ I have defcribed a Pfcwn Sea-Chart alfb^where the Meri^ 
dians^md ParaUeh of Latitude are everywhere of an equal diftance^ 
and fo wrought the ^efiions according to hoihCharts^ by which 
Ae diference will more plainly api>ear : And the Chart which I 
nave here made to work the following Examples upon^ begins (at 
the bottom of it^ at about 49.50 deg, of Latitude^ and extends up- 
wards to y J. 50 deg. of Latitude •, and at the Top and Bottom to 
Six D^ees Diference of Latitude : But the Parcels of Latitude 
in the PJain Chart^ (which are diftinguiihed by Pricked Lines) ezr-- 
tend to>above 59 deg. i^ Zit/tui^ within the &me Bounds. 

PRO B. I. 

The ^ Latitudes of two Places^ and their diference of Langituie 
being known ^ To find, (i) The Rumb leading from one 
to the other : And (2) Thtit^Difiance upon that Rumb : zc^ 
coicding^to Mercators Chart. 

By Trigonometfical Calculation 

LET one Place be at A in the Latitude of 50 deg. and the other; 
at C, in the Latitude q/* 5,5 deg.. but differing in L^tgitud^ 
Eaftward,fxom B, 6. 50 deg. which two places thus let down in 

the- 
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AndHa Mathematics. 



Fit. the Chart ^ draw the Line A C, which is die Rnmh (or Camrfe) 

JJuX. from A to C : And thus have you upon joav Chart c onftituted 

a R^bt-amled Vlaht Tricwgh A £ Q in which youhave giwu. (i) 

B C, the Diference ofLoiigitude 6.50 deg. whidi you mQ&Reducs 

into Miles (ox Minutes) ofLortgitude by multiplying them by 5c, 

(as in Plain Sailitrg) said they make 950. 00 Miles. (2J A B, 

-the Diference of Latitude 5. co deg. which muft be Reduced into 
Meridianal Parts thus : 

The Meridional Parts £ot ;a 00 d are ^47; 

For 55. GO 7q6S 

Thdr Differences''''^ 49 j 

Which are the Meridional Parts aniwering to the j* 00 deg. £^ 

rence of Latitude of the^o Places A and C : And by theie you 

may find ^ 

(I.) Thc&«tBAC 

(2) The Meridional Dijance upon die SunA A C 

By Trigonometrical Calculatioa 
(i.J For the ftrwfc BAG 

^ die Merid, Di£ of Latitude ABy 493 M. P. 2>5y2847 

IstodieDif 6t LoffptudeBC j^oMiles 12.718514 

So is the Radius^ Tangent 45 deg. jo 

To the Tangent of B A C, 35. 80 degrees. 9.8 2 $667 

Which is the Rwnk^ leading from A to C : whofeComplement 56. 
^0 deg« is the Angle B C A, or the Conf lenient of the Rnmb : 

(2.^ For the Meridional Difiance on the Rumb A C. 
JlstheQo-ftneof the/&M!(: BCA, 56. 2od. . 9.919792 

Is to t\\tMerid. Differ, of Latitude AB 493 M. ff. 1 2.692847 
So is Radius Sine 90 deg. jo 

To the Merid. Difiance K C, 593-27 M.P. 2.773257 

Kow to iind the. Meridional Dtgrees aniwerable to tbefe MeriS- 
^onal PartSy you muft 

Firft, Subftraa die M P O of A B, from Ac M P of A Q their 
.Differ enee is ico. 27 M.T. the half* whereof is 50.13 M. P. 

Secondly, ^Md this half Difference 50. 13, to the Meridiond 
Parts oi the Greater Latitude 55. -co deg. ^x. 3968, and it makes 
401&. 1 3, which arc the Merid. parts anfwering to 55. 50 deg. of 

Latitude. AlTo^JitiflraS this half Difference^ 50. 13, from the 

Merid. Parts of the teffer Latitude 50. cq deg. rfe 3475, tuid the 

** * fcr 
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Remainder will be 3424. 87, which are the M^rU. Parts answering ivjf. 
to 49. ^iS dtg. o( Latitude. ^ : ..LXIX- 

Thirdly, The Difference of thefe two tatittidfs lall ibund^ vi^ 
55. 50 de. and49. q8 deg. is 6. 1*2 deg. Aiid that is tfie'triw 
D/Jfance upon the RunA befweea A and C, in Degrees. 

And according to this Method, may all tlie other • Problems 
(T^efore wrought by the Plain Sea-Chan) be^ i^rforined hy TJ/. 
Caladatim ^ by the lame Cawon^ : Only reuiembefa X() Reduce^ 
t6e DWerence of Latitudes and JXftance oh the IPwwJ; imd Msridi- 
anal Farts^. )mt the Difference of Longitude into Miles^ as, in. .the. 
otlier. . ' * 

How that you may fee the Difference 6J*\wen thefe two ways ;. 
See the Figure of the Cbart^ wherein the two. Places are laid down 
by the Plain Chart y as in the Triangle^ AOSV U^hich Triangle bet- 
ing refolved (as irbefore fliewedj yto Will find 

(j) The Rumb OAS^ to be 47. 75 d«g/ - .i; OorJ ^ 
Differing from the tiuth 1-3.' 93 deg • H r I 

(2) The Diftcntce vpm the RunA AS^ to be 7. 4? de* ' - 
Differing from the other ^ i. 31* . 

And let thus- much fiiffice for. SaiUvg according to Mer cater. ^ 
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There is a third" way of Saitmg^ wnicK differs not much from ^ 
diis way of Mercator^ but may be performed ^ithodt Reiu^en 
or ufe of Meridional Parts ^ which is calle4 Sai^ by the Md^ 
die Latitude : of which a little. 



• •• 

Illi- Of Sailing by the Middle Latitude.- 

I Shall exemplefie this way %f Sailing by Four of the moil ufiial' 
Problems in Nqv^ation : And they (haH be the fame as in tiito 

Soregoing : whereby the .Difference will the better appescr.* . 

> ■ 

P K O B. E 

* r 

The La^tuie and Latkn£ of two Places, A and C, Gmn 
to find, 

Ci; The JJmi^ B A C 

(2.; The 2)7}?a»c« upon die J^Mi^ .- A C. 
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Ancilla Mathematica. 

LET one Place be in jo. oo de. the other in y j. code.dE 
Nmrth Latitude ; And 6. 50 dee. difference in Lotmtnde : Then 
the Middle Latitude h&twe^n $0. 00 deg. and ;;$.oo &q. is 52. ;o 
vdCi And its Complement 37. ^ deg. Then 

(1) For the 2&m& : The Proportion is, 

M die Difference of Lot. 300. 00 Miles. 

Is to the D//. of JLa»(;/t. ^?o. 00 Miles* 
.So is theCo-itne clEMiddk Latitude^ 37. $0 de. '^ 



To the T^^ of 33. 81 deg. 
. Which is the iRjviff^BAC 

C2) For the DifiancenT^niheRwnh. 

The Proportion is, 
As flieCo-l!ne ofihe Rumb $6.19 de« 

To Radius Sine 90 de* 
So is the Difference of Latitude^ 300 M. 

To ihtDjs/iance 361.06 M. 

P R O B. IL 



_^^77m 
2.518524 
9.784447 

12.302971 
9.82j85« 



10. 

12477121 

2.yy7S79 



THE Laittuitstflwo Places, A and C, and theKwwfr, BAG, 
^otCourfe) between them Given : to Find^ 
(i) Theit Dijfance AC. 
(2) Their Difference ofLcmit ude, B C^ 
Fx)r the Dijiance it may be tound as* in tlie former IVs^few* 
But 



(2) For their Difference of Latitude, This is 

The Proportion. 
As the Co-iine of the Middle Latitude^ 37-S>o de. 

Is to -the Difference of Latitude 300 M. 
So is the Tang, of the Rumb^ 33.81 de. 

To UtisDtfereHCC of XofjfzWeBC, 930/21 M. 



9.784447 
2.477"' 

.12.302997 
3.yi8j5o 
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PROB. 



:i^-jKkKi|j«idaNikVK 



m^ 



P K O B.r HI* 
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THEDtJimce AC, 5^i.o^M. And koth the ItfrftirJ!?* Oiven, 
To find the *»»i.- . - • - — -- 
• i f 

The PropMtion. 
As the Diftance A P, ?6t.65 . 

Tothe fWjfwwf* o/I<«/t»ife ?qcJ M. 
So'u^fi<M?t0 90jd%* 

To the Sine (^ $6.19 de& 



r •* p» 



12.477121 
10. 



mofeCompiem^jilti deg. » the.3$««*BAC froffl^dM 

MaidiM, . ^ 



A^one Lariftttfe, the «w«^, and DifiaMce upon die Am^i 
to find the Dg^rwM of '^^'' 



HAvingoi 
tofin 



TheFroportioo. 
^ the Ra£u8 Sine 90 deg. 

To Co-fine of the Jbait, ^6.19 deg. 
-So is tire'D^ance upon the *w«^, ^61^6 
TodieD»^ww(»2fL<rt»t»ip» 300M. 
nn^^ w^n/vHf in»ft Degraei. ii g.oo deg. 



la 



9.919541 

^3477121 



«» 



P R O B. V. 



HAwjgflieaowt 
reiKtcfiMSiti 



The Propoiti<»i. 
Ai Ae Confine of *e Ml LatHiOt, 37-P 
Tq the D'^prence of £«lih^*, 300-00 M. 
80 is the ISaflgent of the Rmk, 33.81 deg* 

' To the Tangent of 300^3 M. 
Which is 5 I^«g- 

111 



9-784447 

2.477121 
^.82?875 

12.302997 
2.518550 

7U 




MtiilUVLMhmi 



The Difcrencts i» t1kj\<7i¥ee W4fs <f SnUSng ,\Zt tbk 





Ifef . of Lonjg;. 
Ifer« of JLatit 



tm^ 



3^0.00 M. 
3caoo M« 



I 



47.73 De. 
4^,27 Pb. 
44J.97 M 
Or 
6.^0 




■I 



Morcator.^ 



"•■•■ 



«3[aao9 M| 
53.80 D^. 

J^3*27 M.P. 
Or 
6.12 Deg. 



Mid. - Latit) 




3^»r Deg. 
5^.1? Deg. 
361.06 M. 
O 
6.01 Deg. 
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theorkal ASTRONOMY. 

IJW tkeTourtfa i:^«F tins ^^^ llAllT,V^ haw dip 
DoSrim c£Tfhiigk§ rspplf&Si to RrdBkeiaihsLt pent of j^^ 
wmf wfaidi ccBKdrns the BArm»{ 4fii|esM qr :the Att and 
Fixed Stars : Nour, in &k Sedion, I Aall diicouJCfe Xbinetfaiw 
of the other SiaiR or ?iMt»^ wfiich btne j»>% ^^^^ ^ 

tfaeir otvit^'ihetTOig aliS^. ttovir fijbftndent T^^ff^^ii^ is for die 
Caikniathf ofitheir titie-BbcRf at ttf tine^ tt$ fdfo In xomptdiur 
of their Mfftitndes^ IHfiances^ fcc And in order thereonto I (hoS 
ifeft giire you a brief ^(cripdcii tif the I^laoetary iS||^^« 

C H A p. r. 

0/ /j5e Planetary Syftem. 

'^^fjr^HIS Syflem inay be fufficiently reprefented as^id the F^e 
JL thereof : Wherein, 
Firft, The iS'tm being in the'Centre^ hath onfy a Rotatiph from 
*Wifi to Eafi^ upon its oivn Jxis^ in the (pace of 26 dap's, of ^ 

4[ii2 mud( 



^3B^ 



'^±^jL JottHA Mathemafieoz 

mu<h thereabouts : His Cctttre being an immoveable B>int^ to* 
whi(^ the £^o/i((ioif J of^the other 1^^5 are referred.. 
. Seeondljs, . Jhe Planett are moved about the Sim^ from X^ to- 
Eafiy infeveral Orbs^ which return into themfelves. every PLmet 
in Time proportionable to ih&Mtfpdtude of his Orh and Difiaxce 
' from the 5iw ^ the Motions of the Bimary Planets^ li, V, rf, Q^ 
5 ^ and. 9 5 being rmform^ perpetually cwfiant. and njK/oK. , 

Tlie Figure of the Sj^ftera, ' 

J?fe- The Circle 5 BCD 9, denotes the ^iy and RtDohticn rf.the 

IXX. P.lanet J^roir^^ abjQUt.the iSw, in SSuDaj^a.: XhcCirdcL fi E 

F G 9 , the RBvolution of Venus in 22y'Days*- — The Circle ©H 
I K &, the i?n;o&(lM/ of the£tfrd&,\vkh &e ^Jboif in one Tear — 

The Circle $ L M N *, theiZ«;oiftioff of Mars The Circle ¥ 

D P d V , the Revohiim oT Juiiier^ witTi his fbuf Compamons (or 
iSjtJ/iiw) in twelve Yeara — -^The Circle b RST b,thc&wA- 
rfoif of Saturn^ wifh his JKnjf ind^ JMoiw^ in Thirty Years*— - 

The Mim alfo moves round 4¥ ^<>^iE^i , csvery li^ntfr J^- 

ter^ ^xajOcjnpmons^ tnove abdit h|m according totBeir D^mes 
from him> -The Firft (and n^efl to him; in One Day and 
1 8 Hoyrf .The Secon4) in Three Days and 1 3 flfanrj 
The Third, ifi Aww^jQfc^ ahfl 4 Hw^^ 
26 JDoyi and f ijfalr ^ ' ■ ■ "^ Siiiinri JMooK mdvetbr about himm 
Sixteen Beys : And all of them > from F^ to £^ according to 
Aeir 2%m^j ^Km^iitKwabout the. &ir. 

Thefe Plaitets^ whofe ibtwIirHewrrefbed die Swr only, as Aifini 
3%zW, iHiiri; thife jB«*6, rrimrand ^fovwy, aw cdled JVnMjf 
PKaff^i : The othet that move.;d)out AfTanf, Jupherzui the f^irti) 
Secondary Planets. * 

The Secondary Planets^ are all of theili much £^ in i^gpdtndfr 
dian their Primary ^ and all the I%m^i together, much Lejs than^ 
tbe iSW) uAiiii whom they receiyc their iE^'f^^, Moiion^- " 
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Of: ^Bxmcal Afkommy, 33^ 
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Of tbfi Thtory vf the Sua n»d thratber Primaty Planets. 

* mm 

THAT tfie Motion of the Primary Fla)teti about the Smj weFc 
£%rzVii/, was iirft difcovered by the lea wied JCeyfcr, wKch 
Re deduced' from the acurate Obfervatiofts- of the Noble Dane ^. 
chobra. And therefore,, in fuch an El^ptical Figure^ may be de- 
•fcribed all fficfi Po/ftf^, Lines^ Archesy Sec. as are • requihte to be 
knoiinn, and to inform the Fancy in the Trigonometrical Cakulatf- 
oir of the Etafiets Places.. But before I proceed (b far, I mull 
(hew,- 

How to defcrfte an EUipfis. 

Concerning the Defotitim of this F^e^ only that, it is one of 
die SeSicms otz Cane^ and the many waystniatit may be iirti- 
ficially defcribed^ I fhall fey nothing, referring the Regd^f to Mi- 
dargc^^ and others that have largely written of theSe3i(m of a 
€(me. But to Defcribi liich it Figure MecbanicalTy. ' Thus ^ ^ * 

About anj Two Rfght-Unes Given, for the Two..25wiwf^f rof 
the f'ff/p/j, to delaibe (iich an -E/i!^, ' * ^ 

Let the Line P Y be the Longer., and RM the Shor»r Di^pHfter Fig* 

Slven: Let them crofs one another at jR^ibr-^fei- ittrfi. - Tbil LXXL* 
one. Take half of the L<meji Diameter B P or ,B Y,! in? youat 
Compaffes,.' and ietting one foot in R or M, the. oUjer will CQ«di 
upon the £o9^efi Di^metir to the P^onrfjr Z and S, :whidi .^iU be 
the Centres upon whkh. the EUipfis P R Y M mvf&, be defisribed 
Wherefore, 

In the two Points^Z and Sy.VixJy^aFinsyNaiUy . or the like'^ 
and ^oiit them put a iS^»^g:fo long, that being, doubled it may 
reach from the rmat S, to the end of the Diameter at P-^ of 
from the P^atZ'tothe end. Y ^ fb then the w^ole lei^hofthe 
String, will be twice as long as the .DiAance S P or Z Y 5 which 
^ring at that length, jpyn at both ends -^ Then, PQtdng this ^ 
Strir^ over the two Pwi, -at Z and S ^ with a Third-Fin^ (vhidi 
may be a Black-Lead Pencil, or fuch like^ move the iSltrn^jibout 
iTOon the two Fixed Fins Z and S ^ and it will by its Motion de- 
(tribe^an .PflrpR ^"^^ as^is the Egvre P C R E Y F M D R 

chap; 



IJOtt. CHAP, m 



I 



ty the Motion ff ^ihe Planets yV #;(« E!llp&. 

1 

I 

N this £lUptkall^nr€^ the Line P Y is called the TrAj/vei/i; 

. ^or L&t^erJ And R M, the Conjugate (or Shorter) -Diamettr 

d£ the E^fi.-^^ S the JL^^, and Z the X^^ fWw of the JS^* 

« jf6 s upon which two Points uie Elliptical Figure was ddcribed— 
And Ae £%tf(:irKi»re it TelfP C RE Y F MD P 4e the Orfe 
iof the^iirti, of any oAer of ^ Primary 'Fhmets^^ S thePIaa 
of the Am-, (the common Noie^ zndi- Centre dE iStitPlamtaryOrbi^ 

* to whichthe true Motions of the Planets gre referred^ in ^e Lower 

^Tocus of the EU^fa.-^ Now, a Planet moving in the EKffi.'^ 
when it (hall be in P, it is in Jpbeiion^ or at its Great^ Dj/tme 

.from the Sun--^ When in Y Perihelion^ or at its Necnrejt ^autz 
to iixeSm — Ahout th^ utmer JFoci . of the £%6 Z, the mem 
Mstion of the Plan^ is regulated : B is ^t common* Cesitre of the 

W^B : B Z or B S, tti^-JSxcenttidty i And S Z the double &- 
centricity, ' 

The J^^KTf thus deforibed, tfaenot thiqg to belcnownia, after 

'^^lAikt manner the trtie Plac^ df a Planet may he '^termined 

•Aerein. 
^Kfft, The ms^m-Jbiomafy o{ aPtanit, is its ej»tfr2>^«^ from 

T, the jipbdK&niPbint odmtPtanA: Aki4 this Jnomafyk to be 
accouiittsd £:om P, to P again. And htrk it is to be obferved. 
Chtta SPfeifi* ih^viiig in (hfe EtUptical Arcl PR Y M. npon Ae 
fbi««^ i»asa<ji6g time tracing th^kflcrjirdbcyi), as he is 

•ftegttattrClTMj the Rea&n m, for diat ( the >«?iw JKbejon 
being made upon Z) the '^Ptiwrt defcribeth ^^ta/ Jmfes in mdl 
Iftt^tvakttf i»ie .• Aiid it is aHb evident, That^f me Motiw be 

^^ ttotm one Fi^ Z, of the mpjis, it muft 'be «w«w/ upon 

^lheoth*^S, inwhidiOieSimisfeated, ' • ^ 

Fcriiiftaiice: Suppofe the Pknet to be in C, vWch is^o de& 

from 'the ^MoH Tmt P , then wffl the ^k of its ^m ^ 

•w/|^ be P ZC^ but ^ Co^qtmei Jbtmatf will be the JmleV 

BC: AftdAe^AgfeattheiJ^P'SC, whithJ^ to be 

wund. 
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Otf^T^emcdlAjIromity* "fyf; 
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to fMct the Angle thdf a Planet' f/« affj pdrt of the Fig. 
Bpl^J tuuhes mtb the Sun 'y tnd alfi^ th planets ^«e 
ace rur /j60 E]%(isi' .- .. 
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£i S be the Sat^ X th& Centre of dierPluntits JSItm JUIotim ;- 
the PointaH, A, T, fevend Places of the HJw«ttiii it$-Or^^ 

the JpheUon point P, then will the fereral jhighs P Xi. Hy 
A, P IC T, reprefent the ^^ho«M// cf the IVmir .«^ And die 
(PSN. andPSM^ thi^^fefatthe£N9r. Noyfthe&.i^- 
lay be found as folWeth. 
pipQ^t thd ilifOK JnomfiifyoiiStm £aytH)etqg 8|t H^to ha: ;o d^i 

rrorefented Uytfae Anglie PXH, whofe Conrolement IPtXH^ 
3 aeg^Bj fae&c^ with die Omnmt R0idi^ and Ex^ 

chy^ the true Pbc^ of tbe FlmO: najr he feufld bj rr^ofio* 
:al CiJaiJatiim* For, 

ft. In the Triangle H X B; there is^GiM^n,. (i) Thft Anglfe^- 
B^ 150.00 d« thft Qunplement q£ the Hbreti iUBm AiMafy 
o 9^/ (2) The Side B H, the Qmm^ S^m iqooqq^ ^ And 
rte iiide.S'S^^ i4%%^ «q^l tohil^]^ S^ ±^ ^xfentfruitf. B^ 
rjcm may find the AngleB H X, By CASEI. o( O, A. 
-Then, i . '; - ' 

i the Ciwofwfi £iJ/itt» P H, ;tPCQQQ Parts -^^oQipyo 

XBi3»it:th^£^c^.atjJ!a^8^P^^^ .-: >\ ^- 3^a^9^ 
the Sine of H XB, the Complement of t|iej> . A,,AAaM^ 
maly H Z P, 30 d. to 180 deg. T 12imZ 

/: : ' - 12.925569 

tW.Sincof BH X 048 :? dege- ^ v . ' P^IS^^ 
t thetefere the Angle XBH is 29.5^8 dc^ -t^a dw*^- 
'h^eot ?P. 036 deg. is the Jxttrnf^kh^^^yinrj^Q^ •' 

.. . -•-■ • 

'. : Then fiiy, SfeC|!yfidly, 

sffe £<KfiMr, Sine 90 d. ' ^: ,. .; , »» ^ - 

) the Sine of the Gr^at^^jf/atwiw^- .^^ . ^ .. -,{?,5^i72 

the Sihe^ of 0. 019 aegV '""-'' ' " 4-&VJ27382 

Hiidi is. the Farftft»« reqnjwd,^ • 
^T^ Now, 



:?2IO 



^^S JatiHaMathentatka. \ 

Fig. VoWy forafmuch as tiie Ftanets are moved in BBigfes^ and ndt 
iLXXn. in perfed Circles, the nest thing, therefoci^ to be enquired is, the 
Mtntets Place in the EUMs : And to that piirpofe, about Z, let 
there be defcribed a little Circle K O N^ upon which, from K to 
N, I number the Auomahf of the Epidcte 5.9.034 deg, befbie 
found, and then will ihe Angle P B 21, be equal to the carrc5ei 
Jnomahf \ and (b is N the place of the Wmet in-the EUipfs % ^d 
the Angle Z B K, the JEquotim oi the Epicick ^ or (which is die 
fiime^ the Dhference between the FUaoi a fintet m the Chrtie^ 
and in the EWipfs : And ma/ be foillnd Tr^0i^<metricdBy^ thus. 
For, 

Thirdly, In the Triangle B Z N, yon have given, (i) The 
Sde B Z, the common Radius looooo P. (3.) j3ie Side Z N, 
00008 P, ^Semiiameter of iS^Epicitle. (3^ The Angle BZN 
I2a98 Dcg. by which you may find^ -the Angles BK Zand 
ZBN, rbyCASEH. of O. A.ltT.) Thus, 

The Aqgle N Z B being 120.98 d^. the Compkment to t8o 
deg. ^ 59.02 deg. die half whereof is 29.51 deg. The SideBZ 
is looooo P. the Side Z N 00008 P, their Sum 100008 P, their 
Diferimce^^Q^l* Then, 
(^) As die amviof theSidesB Z and Z N, 10000I8 5.0000;; 

Is to. their Diference 99992 ^999f>% 

5ois the Tai«.of half ZBNandZNB 29.505 d. 9.75I818 

14.752785 
To the^Tan^. of ititialfDiferencf 20.502 jL 9*752748 

This f^ Diference^ " aided to die bt^ Sum^^ ^ves. 5 9.007 a^. 

fbrdie^&ZN.B: J^A fikftraSei bom it, leayes aoo} dffi. 

fisr-the^fe NBZ. 

Then jKaJn lajr, 
^'fheSihe ofB^ Z, 59.0Q7 '9*99}i'3i 

'Itf toBZ-t^3oooP. ■ yxjooodo 

To the £ide B N ioodo4 p. ;ux)oo22 

- From the AngleBP Z 29iC02 , 
SiMraa NBZ • 005 . 

There remainiPBN. 2 9497 \Cliiole GompkmeBt to 180 
^eg. is I yo.503 deg. and is the Angle S B K 

ft 
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Of Tihtmcal Afirommy. 3^p 

Fourthly, In the Triangle B S N, there is given, (i j B N Fig;^ 

100004. (2) B S 168 J. (3) The Angle containedf by them, SBN laXXII. 
150.50 deg. 

Then, 
As the Sum of B N and B S, 10168^. 

Is to their Diflerence ^8319 
So is the Tangent of halif B S N and BN S i4.77d. 



4-992637 

9421029 

14.41366^ 

9.406388 



To the Tangent of 14.30 d.the half difference. , , 

Which added and fiibfliaded from the half Sun , gives 

29.07 deg. for B S N the An^ at the Sim. 

And 0.47 deg. for the Opt. Equation B N S. 
Then from the Mean Juomafy P X H ^0.00 deg. 
Snbftraa the Angle at the iSiwBSN, 29.07 

There remains the Proftapherifs. o. 9 3 

Again, 
As the Sine of B S N, 29.04 de. 

Is to B N, 100004. 
So is the Sine of.B S N, 150.50 deg. (ot 29.50.) 



9.686iit 

5.000021 
9.692338 



14.692359 
ToSN, ioif64* 5.006232 

Note that when a Flantt is in any of the Points P, A, or Y, 
there is do Vanatimt^ but being out or any of thefe P<?wtj-„ it hath 
Variatiim more or leis, and is at its j^r^at^ when the Elmgatimt is 
45 deg. from any of thofe PQtnts.'^-— — And note alfb, . That 
this Varktim ailments the Places of all the Planets (Vejtus and 
the M<m elccptai^ in the Firfi and Tbiri ^adrants ot the Orbit 5 
But in the Second and Fourth ; it iinmtilhesme Planets place ^ ac- 
cotding to the quantity of the Jiigk of VariaUmj, And as this 
Example M^s wrought, the Earth or other Planet being fnppofed 
in the Firfi garter tA the Ellipfis ^ the lame-.is. to be underftpod 
and performeS, if the Pla^iet were in the Second^ Third or Fouuih 
J^adrant thereof, as is plain by the F^e. 
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CHAP. V. 



Of the Two'fol'd Inequality qfthe other Prknary^ Planets. 

THE 57m "feems to be moved under the Plain of the EcUp- 
tuTi •, But it is the Earth that performeth this Motion atoat 

;the Smty who k featcddn the Fecie of the Earths EIGpfis : So that, 

-as- the Em^b is moved, under the Ediptick Orb^ fo much the Sm 
appears to move on* the contrary part thereof : And' from hence 
may be concluded, that the Svn (ofEarth) odn be fiibjecl: to no 
other Inequality^ than what is. produced by. their own Shyle Mo- 

. t/ow in the £fl^« ; And this is true alfo, in ilhhe Pr/w^jPirori 
as in refpeattrthe Sun ^ who is feen/ffoln*them,"to change his 
Place^ according'to the quantity of their Motions. 

Now -For as much as the Earth h far diflant from the commoH- 
Centre of their Orbs f which is thtSm) therefore it is, AatCbr 

* their different AfotzW, and various pofitionsof their OrAr; they 
feem to us to be fuhject to tf ./fft;o>ft/ Inequality ; which, is not cffin- 
tial in their -Afotiow, but accidental only 5 being caufed through 
the great difiance df the Point to which their Baces arcTeferred : 
So tliat the Planets feem tans to haye a different fpeciea of Motion 
from the Natural Motion in their refoetlive Orbs : they appearing 
at one time DhreB^^ at odier ttnles Retrqgrddey and finnetimes not 
to move at all, but appear as Stationary : To bemarer to the Earth 
at one time than at another*, and appearing talfce Eyeof ». 
Greater and Lejfer M^ituii : The canle of all which va^iocis Paf- 
Jhns will manifeftly appear from the Calculation oi tteair Placts^ 
which Ihall be tlie Work of the following Chapter. 
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CHAP. VI. 

To Calculate t^e true. Plate of a Plamt Trigmometricalfjf. 

REtpining the fame Method deliver'd in the laftOiafiter, I 
Ihall give an Example -in the finding out of the place of 
the Planet Mars, . The Sun being in 5.85; deg. of Scorpio^ and 
the mean Ancnaly of Mjrs from- his Aphelion.point 5.^47 deg. 



Lxxir, 



Of "tharkoL Ajbromkfy. ^4.1 

The wft, as In the following Table. And from thefe things gi- Ff 
ven, the true place of the Planet Mars may be found. 

A Table cf the Semidiameters (f the Orbits mtd Epkicles •, tA^ 
Excentricities ; the Greateft Variations and Inclinations of 
the V]^tXSyin^orierto the Trigonometrical Calculation of their 

Places. 



Semkliaiiu of the Circle PAY. 
^midiam. of Epiciclc Z N. 
£xccncricicy B X=B $• 

% 
The Git«ft Variation of the Ano- 



95.2500 521900 



788 
54800 



ABgle ofthcensiwft mcIip.H B V. a.51 d| 1.^6 d 



299 
249^0 



OJ09 d| 0.05 d 0.25 d 

i.85d' 



1 52040 
327 



I 00000 

8 

1788 



-v. 



72405138192 
530 8100 



0.02 d 0.02 d i*go^. 
o.ood3.38d 5.90 4 



^ p * 



nbe Trigonometrical Calculation. 

TN tfie Figure the Semidrde P H Y, ishalf the OtWt of ifcrf, P %^ 
1 his4>AeBo« P«nt> Hihisplacein hisOrbit, B.theCeitfxe, BX LaH*.] 
the Eicentricity : H B the Semidiamete of the Qtbit. 



I, Then^ InAetiWgleXHB, themis^yan, r^^^^ 
H B the Semidiameter of dieOrbit^ i J204. (2) The Side XB, 
the Excentridty 141^1, (i) The Angle H X & thr Gompler 
meat of "the mean Anomaly P H ; 55*7 to i8o d^ W« 



By whicn 



I 

r nti^. you niay find the Angles B H X, and XB H. 
»y CASE II. of O. A. P. T- 
A» the &im of the Sides-HBand X B 1661$. 4.220^00? 

fc to their JQiffewaice im^ ^'^^^^Vll 

Soii the Tang.of half XH B and X B H ^.73 A 9'lfopn 

Ij»86o58oo 

To the Tangent of 23.5od.* - . ^ ^ l^^fltl 

hidi fubftradted ftan» 217.7,11 (5Jte haff ftun; fe«^€3. 4,15 
de. for the Angle at jH •• And ad4«4 to 27.7^ f 5f f 
S1.3I deg. foe the Angle XBH. A^d that do»bkd, 
makes 102.62 d. Which is the Anomaly of Vana- 



^ i 



ttoa 



Kkk4 



Wi«cfc 



3A1 AnciUa Mathematica 

Pig. Which found ^ lay, 

LXXIL As Radius ^o^ 

To the Sine of the greateft Variation of ifiirj^o. 25: d. 7^39816 
So is the Sine of Variat. laft found 102.62 f 77.38) 9*989379 
To the Sine of H B Z, 0.244 deg. the Variat* ^7-629195 

To the Angle X B H 5 1.3 2 dee. 

Add the Angle H B Z . 0.244 . the Variation. 

The Sum is X B Z 5 1-564 deg. 

The double whereof is 103.1 28 And is the Mo^m 

.of the Epkick a Z N. - ^ 

Defcribe the Epkick^ and upon it fet the Motion of the Epid- 
cU 109.128 deg. irom a to N, fb will the Angle a O N be eqiial 
to tJiecorredled Jnomaly PBZ •, fo that N is the Place of the 
Planet Mars in the EUipfa : And the Angle Z B N the Eqnaticn 
of the Enkkle ^ which is the difference between the place of a 
Planet m the Cncle^ and in his EMpfis ^ which may be thus 
found. For, 

In the Triangle B Z N there is given, (i) The Side Z B, the 
Semidiameter of the Circle 1 00000, (2) The Side Z N^ the Se- 
midiameter of the Epicicle 33. (3) The Aiigle B Z N, the 
Complement of the Motion of the Epicicle N Z ^ (10^.6^) viz. 

T]^%6 de. 

And by tfae& niay be foundy the Angle N B Z. 

Thus : 
As the Sum of the Sides Z B andZ N, 100008 , y.oooo8 
Tstothcir Difference 99992 ' 4-99996 

So is the Tang, of half ZN B andZ B N, 51.32 de. iao96£9 

. 15.09655 

To the Tangent of 51.31 d* ro.09647 

Which added to 51-32, gives 102.63 de. for the Anne 
Z N B ^ and fiibftrafted therefrom, leaves 0,01 deeTtor 
theAngleNBZ. ^ 

Then for the Side NB. 

As the Sine of Z N B 102.63 de. ^77.37) 9-989362 

h to the Sine of N Z B 77. j6 deg. 9.989345 

So is the Side Z B, 100000 ijoooooo 

14.989345 
< To the Side BN, 99996 4-999983 

From 



51.076 whofeQjniT 
128.924 for the An- 



OfXheoricd Aftrommy. 

From the Angle PB Z 5M2 deg. 

SubftraaNBZ . o-244 

There remains the Angle X B N 
pkment to 180 deg. is . . 
gleNBS. 

■ • Andthen^ . 

In riie Triangle BN S, there is Given, 00 The Side BN . . 
09996. (2) TheSideBS, 1411, And f^J The included Angle 
N B S 128.92 deg. From- whence may be fomidthe Angle at tha 
Sun B S N i and the Side S N. 

Thus, 
As the Sum of the Sides N ? andSB,- 1014C7, • y^Qo^&Sa 
Is to the Difference of thofe Sides 93 5 8 5. ' ' ^ 4-9938 n 
So Tang, of half the Angles BSN and B IJS, 25.54 d. 9-^79276 

14.673087 

To the Tangent of 24.92.deg. . \,. •_ ,. . A„„i!*t^Z'S^ 
Which added to 25.54 de. gives, 51-08 deg for the Angle B S N i 
and fubftraaed, leaves a6 2 de. for the. Angie^ B N h. 

Then, For the Side N S, 
As the Sine of S N B, 0.62 deg. 

Is tO'tJie^lde BS,3, 1411. 
So is Sine N B S 1 28, 92 de. (5 i;o87. 

To the Side SN 101405. _ 
WhicKis the Diftance of - from ©. 



343 



3.149219 

13.040334 

j;.oo6oy4 



Pkce of the Aphelion. 
TheAj^leat the Sun. 

Heliocentrick Place of Mars. 
The North Node Sub. 
The Ai^unent of Latitud< 



i5©;5«j deg. 
5 1x8* 
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CHAP. Vlt 

/ 

To find the 'Place cf a Planet in the Ecl^tick, &C 



^^L^ T?OR that a PlanetB Pkce in Lohgidjde in the Eclipticfc, dififeieth 
a^XXuI. jp fomediing from the Longitude in itabwn Orh^ I (hall there- 
fore fhew (hy Trigonometry,^ How to fkid the Redu3i(m^ ziaA 
die Eclipticl Place^ with the Cnrtc^im and Parallax of the Orh^ 
and confequently, theOeocefttrick Place and Latitude. 

In (»rder whereunto, in die Scheme^ Let S reprelent the Aar, 
Hrthe Placfe of Jlfar^ in hi^ Orbit ^' V Ks place in the EcSptiA^ 
Ethe£^: A the i^ortj^ Aodf^ of ^ar« ; B the iSbvti iVbi/<? ^ (the 
two Intcrfcftions of the Planets Orb with the EcUfiick v A D B, a 
Semdrcleoi the EcUptick : D R, the limit of the Planets Kheateji 
IRoi&i Latitude. Thele things premifind^ Fproceed to 

The Trigonoihetrical Calculation. 

1. In the SphericalTrian^e BrH V, Raght-angled at V, theK 
is ipven. (i) The Side B H 26.6^ de* (theGomplematt t£ the 

JS^macof Latitude. ) (a) The Aiigle HB VI, the Greatefi 

i^cjwiition of Mtrs^ i.S$ d^. By whil:!: ydi xmy: W^d the Side 
t^T** (^^ CASE 1. x)r K. A. S. T» Thttt* 

^It^ttS, 90 de. 10. 

IbCchfineHBV, 88. lyde. 9.999775 

•So is the Tangent of BH, ^6.63 de. 9.70057 7 

TodieTangcatofBr^ 26.64 .de^ .; .91.700350 

The Diference betweeii:B H aind B V,, isaoi: der ii to te fuiy 

ffana£ted irom 201.4^' 4. the place of Mtrs^ becaufe the Aich 

BV islefferth^the ArchBF. 

Heliocen. Place cfMm^ in hit Eliipfis. 1201^9 ^9S^ 

Redu<aion Subft. .01 

Heliocen : Place Correded 201.42 

; Place erf theSun 215.85 

Difference 1443 

Which is the Anomaly of Commutation. 

2. In the fame Triangle, there is given as before, whereby die 
AJkiMiid of liie Orbit homthe Plain of ^EcUptick Q V, may 
he found (hyCASE U. of R. A. S. T. Thus 

is 



Of ^horical Afir^jfomy. 

As Radius, 90.00 4e. . *^ 10; 

Isto-thcSineof BH, 25.'^< del-, " . •, , o^?i8coL 

SoijtheSineof BHY,.i.85'ae. ' '..■■;'''•'. 8;?aW^ 

a-otheSine of H V, 0.83 de. ' ! !, ' ^ , '/ f^M^jjl 

Unto which, the Angle HSV is equaK 

?. For the Cmtated Diftanee S.V. fti th^ Ri^t-ahglea«P4ain 
Triangle H S Y, there is giveA, ^i^ The Angle Y sk 0.83 d. 
(2) The Side S H i ^204, thei/y?«jf« tf^^farrmhls'CrM? t»om 
the5w» : By which you maylin'dtheSide'S V^'^y CASE'W.. 
of R. A. S. T.J Thus .. • -j' 

As Radius, Sine 90.00 d^,HVS, * • " '; --vo^y *' 

Is to the Side HS, 15204. ' ' ^ . • *,^ . -■'^^ii^i^^^ 

— Sois -the Sine of V H §3^89. 1 7 d. 9'999954. 

To the Sides V, 15202. 





The Ecliptic TUcebi ii)id Planet w^r-r " with his &cff«jrffew and' 



4. In order whereunto, . in Figure LXXIIL the Circle O X E Z, F^^ 
reprefenting the EartbiOrbit •/ l^fhberthe ^uandbity of the Anama- USXSSS^ 

fof Commhation 14.45 de. from X^(the opppfite Place of Mars 
om the SmJ to.E> drawing thef ^^ne'lE v j which witt cobljfi. 
tute an Oblique-a^^gled Plain Ttiande S*V E : in whlch»tlitrrf is- 
Givto, (1) The Side SV i52o'2;' (2) TheSide SE,' Jtoobo; (5) 
The included An^e V S E 165:^70^- (Ae ConiiileittetttHof ! the . 
Jffle 4>f Confmtatwn to 1 80 .deg.jt By which ypu, may find (i.) 
the Angles S Y E aiid't E S. And f 2) the SideJ E. 

•.^s-theSum: (^J[ Sfand S E iisfj^-; \ ; • . -V'i^HJg ^ 

&TtO:th^Ei;)i(fai§D4 izoi. •".}» ■!':,;■■ ' . '' ■: • l^.-jui-jo 

. -So i<rtb<!fT^n&-otiuijlftbeJ^P§)f5 atEaftd V^Uza 3 ; .-9.15974; - 

' ■ ' '■ ■ . ••;:='-. '^ ; •• 12.875915 

To'theTangent of 1.71 deg. their. difi^roice. 8.474478 

Which added to the half Sumof the Ai^lra ait Vafld £(8.22- 
d.) gives 9.09 dan^riCflie iftngl^V h S : And fubftraaed, 
therefrom, leaves ^.51 .de, ^ ttifti^ngle S V E : Which is. . 
theRtraaaxoftbeOrt.. ' " " ' ,' / 



L^ .J^_! 
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AnciUa Mathematical 

jr^. Then for the ffide V E, 

LXXia As the Sine of V E S 9.9,3 de- 

fetothe Sine of V S E 163.56 (i^M) 
So is the Side VS, 1J202 



TothefideVE 24959 

Then, 

To the BkUocentric Place oiMart. 
Add the ParaUax of the Or* S V E 

TheSumis 
Whidi is the Geocetitric L»Mg. of Mars. 



^9^56650 

4.1 8-1 90c 
945180; 

13.633703 

4-397053 



20143 
6.51 

207.94 



That is 68. 27 deg : Or 27 deg. of es. 
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CHAP vra. jr 

Of tbeV^roportions of the Semidiameters </ the Sun, Earth, 
iAoocL, and th other V\2a\sxs. 

• • ... 

I. Of the iSjw, tarth^ &c. Mom j 

BY the beft Telelcope-Obfkvations.' 
\ Tp,the mean diftance of the EartJ) from the Sm, lo-ooooo 



The Seinjd^mjBter of the i^ is of thole Parts 
TheScffiidiamet 



4 ; . 



46^00 



To the mean diftance of the Mow from the Earth i.ooooo 

The Semidiameter of Ae Earth is i^Jo 

•the Semidiameter of the^oow ji^ ^^ 

And from hence, at all ^lines, the Diflalice of the Lumna- 
ries being firft fomd^, jtheijr apE^erit Scmidiaitietert may 
- rbe obtained : AfiU f dP tte 'Senridiaiheter of the Earthi 
Shadow^ in Lunar EcUpjfes y Ihzvt here inferted the Dia- 
gram of J^^rrcir*. 



» » 



'I ■ J 






Iii wfHichDiagrajri* 

A denotes the Centre x>f the flwrJ ' •- '- 
A D his Semidiameter. 
B the Centre of the Earth. 



BD 



^EhetSemidiameter. F^. 

A £ D, or A B D, the apparent SmlHameter of the Sim. LXXV* 

A E H, or B D E, the iJorixmital ParaBax. 
C G F equal to H ED, the Semi-J^k of the Cow^ of the Earth 

Sbt2a0lP» 

£ Cand B F, being equal to the Diftanse cf the Moon from 

t\\Q Earth. ^ 

^TE^her HorhantalPar^x. 
C B F, the apparent Smidiameter of the Earths ^badam. 

Fromhencei 

T« The^Semidiameter of theiSfev, the Horhmttal PkraOax being 
fubftra^ed, is equal to the Semi-auigk of the Ctme ^ the 
Earths Shadaip. 

SoAED— AEH«:HED 
^. The Borki^ttnl hxffMtirx of th» M^^^ |]ie SmrHO^U of ibt 
Cone of the Earths SbaJLm bei)|g fitbflrsfibed^ is efuitl to tlK 
zppaeaat Seymdiameter 6E ^ SfhadoiP. 

^- SoBFE ^C(JExi*GBF. 

^. TheSum of tfaeHr&v?rtW PdraUaiM oEtheSim 2^Mtxm^ 
is equal to the Sum of die appoatenC Senidiamftw of the Sm 
and Shadom of the Earth. 

So, BDFftBFDsKABDHhCBF. 
Therefore, From the Sum of the Homtmtal Parallax of the 
Sm and Jlfbcw, iubftraft the aj^iturent^fmiA^^fiyitf^of theAw^ 
aadlhere will remak Ae app^ent SetMmtter of the Eartbi 
iSbadoip* ^ 

So, BFD4^BDF ABD=b*CBP. 

^ IT. For the Proportional Magnitudes of thefe Three iBodies. 

The Semdiameter of the C Sm 46^00 Log.v ^66$ $ 8t 

\Eartb 727 2.861^34 

The Log. Difierence 1.804047 
Multiply by ^ 

^9nieLdg?ur. of 558309 y4i2i4i 

So that die J5oi|^ ^thesSm ^ceedstfae Sb^f of^t Earth 258309 
times. 

1,11 the 



^4^ JhciUa Mathematical 

Fig. The Semidiamit^d the ( Earth i6sol^g. 3.217484 

LXXV. I Mom 446 Log* ^^64927^ 

The Logar. Difference a 5 6 8 1 49 
Multiply hy ^ 

To tl)c Logar. of ^0.^3 i .704447' 

So that the Earth is greater than the Moon yo tunes, and 
T-:! parts- : 

III. Of tlie Semidiameters^ and Proportions of the other Primarj 
Floftets to the Earth, 

. From the accurate Obfervations of £fis^<'^9 GaJfhiJus^ and 
JEbxr^x are determined . 

D. d; 

ia their mean diftaaceS-^ * -fr^-TT^ «LJi7 »Sf «9* 
KvuiuciMnn, ^g J ojmeterof t,9 24Z. 

i^pm hteike maybe gathered. That die Body of iStfamis^ 

(Srr^t^ than tl^e £iiyth 298 timesi 
The Bodjf of 5^;ter 577 times.- 
9at the Antib ii (2r^^^ tha^e odier Three : Forit 
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GEOMETRICAL 

ASTRONOMY, 

. SHEWING 

s 

A Plain and Eafic Way to Pro;ca: Theories x)£ 
the Planets (in Plafto :) And by them to find 
their true Places, both in Longitude and Lati- 
titudc, it any lime. 

And their Diftancesfiofn the Sm or Earth. 



rc H A P. I. 

Bw to Uy dat^ '0« Pla^^) ^^' Theory ^fhe Earth, ^r 
.other Planet. 

FOR the perfortnance hereof you^rauft have a ScaU 6f 
Chrd^. and a Scsle of iQoo eumflPoffstoti^Cims Radius: 
(Or. 'nther* a *5.w, with (q<^ Se^ifc* »-paait.J TM, ■ . . 

I. How to defcrihie and /divide the EcUpttci. 

Witii 6o d^. of your ScaU of aofi^, defcnbe z Circle •, which 
divide i«o 12 cqu^l: Parts, for the 12 5?p», noung them with 
their refpeaive daraQers, V, «, II,;e5^c. Thif Circfe thus de- 
foribed S ch^raaered, reprefents die icfcpiici Orcfc m the 
Heavens • whofe Ceptrt is ®, the hiedplace ot the 3m. 

TSWicl a«fe, every of the Planets J^th a B>»r^ w Hch J^ 
-is Sled the iheUan of that Pfa«.t : For when the Ptert is in that LXXVI. 
PoSt, it is at its greateft diftanre froni the S«u 'Now the^ 
pbZl Points of ea?h Planet, are thefe which are exhibited m this 
•litfle Table. ^^^ ^ ^ 









^^o Jh€jUa Matbematicar 
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h Siturii 

¥ Jupkcr 
The Aphdial ) S Mars v - . 
Point of S 2 Vcniis ^***° 

S Mercury 

©The Earth 

w 

n. To draw the Jfhelidl Line. . 

From the jfyUliAfomt^^dt the Howrt /ai in our BmampU 
M A R S J 0.3 s dc^ W draw a Righfeline te the Centre ®, . as the 
Line ^a j ® v and^ thajt (hall be the Jphelial Line of 
MAILS. 

For the ^4(fiw/ Line of the J?^i : The £ ^R T H S Jfhe- 
Hal Point being in 7.00 deg. of ^ Gaprictnty from that Point draw 
a Right-line to ® the Centre^ as the Line ® j^. e, aad that ftall 
be the Earth V^fif/i^I Ziv<>\ io the Theories of all the fUnets. 

' nr. To fmdthe Excentric Fothts of any of the ^ Superior Eb- 
nets Ti^ V, ^,. they will be fbund by the numbers iadiis little. 
Table.- Fx>r, 
jc XL *!,-.• AL ^^7*<^ the Centre ® be, 1000X946 
L P^^f "^V vCthe£xc^« Foint(hallb^9 J4 
balPotnt.o£ ^^S^om^he JpbeUal Point' ^91 J 

Wherefore, take the length of the ^heliai Une Jp. 9. myour 
GbmpafleS) and open the SeSorin 10, and 10 of the eqoal Ptats. 
Then, if from- the SeScr you take 91 y, {^tfce ExcMfic of JMorr^ 
it will reach from the Jphelial Point Jp. cf , upon th^a ApbeUal 
Line of ^tfri, to X, fo (hall X be tfte Excentnc of M A R S 5 . 
upon' which Point (at the diflance of Jp^-^Y^ if you delfal'Sbe ^ 
a Circle, as Ap. J, O, ^, diat Circle' fball b^ the Orbit of die • 
iPlanet MARS, in which it movcth; • 

For the^if //a/ and Excentric Foiftts of the EARTH in 
the Theories of the three Siiperiour Planets, they will be . at the 
Itfombers exhibited in this little Table. .For, 



Tte. 



Cff Ge^fketiicdl Afr^fmtyl' ^f 

ThedifbnceoTAeC^ ioi'NAndthediftanceordier^ 099 LXXYI* 

e from the <:entre,<'^ i^sS^k y^heSm of th* ^A V 18? ' 

fliall bein ±eTbe»-) .. {fiilll he in the "^0-7 ' 

ry of _ s.^ Stljry of Vd' 600 

Wherefore, Out of your SeScr^^ (it being^ fiilf iDpeijed to the 
£3rmer diftance) take the diflaUce of the Jpirettat hAnt of the 
Earth (for M A R 5 611;^ and fet it (uooii the Earths Jpbeliat 
Lifte) from the Centre to j4p. ©^ fb^hall the point j^.^he the 

uAhelralPoifUt^of the Earth -, And the. diftance of the Excentria 

of the Earthy from the jfyhdidl Point of the Earth being 600, . 
fcike 600 out of the Se36r^ and let it from the Embs j^heHal ■ 
ftwtJJf. ©.downwards towardsAe Ceiltte ©, and that fljallb^ 
the Cfentre whereon to ddcribe the OrArf of the l^atth oil thtf 
The^ of MARS. Which Point falling fo ncaf th6 Centre O^-. 
you msij defcribe the EartU OrWt upon the Centre © it lelf 5, 
rfie difference being onlyT^^fv Parts : KniitiXhiTBeories of the 
other two Superior Planets^ the dif^nee wil be m&ch lefij foe 
in the Theory of Satimt it will be -r!-! v Parts : And in the 'nedry 
oij^iter^ but t^.; ! Parts ; So that. iii,fff»U Themes they need • 
not be much reg^ded. - » t 

4. For the^i^£aland Excentrie Points of the f^rfi, and* Ae 
two Inferior Planets & and ?, die To^fei following will ex- - 
Kbit. 

I; Vot the j^heUal Pdints. 

If the diftance of theTOTf. T 1.000 

. Aphelial Point ofthe^g rShallbefromJ ^. 
Earth to ® be i ooo.the j ^he Centre ®j ^^ 
Excentric Point cff e^ JT^ . u4^i'. 

2; Fx3ir die Excentric Points. 

M. ;i c ^t. vr CO 7t'otheExcen-C® ^-. 
Jtod from the 4;60 5 Crick Point<S >-{hall be 
bal Point 01 ^\\dE /? \ 

5.;Fbr 




•TiXOI. •''• ^^"^ *^* Nodes of the Planc^ 

The Afcendg^ Kod^ (^ tb^ l^cral Plan^ (for the Eai 
hadiiron^:) "l^sT^BJevW^I tell jouto'i^ 
tcliptic theyawtb bf drawi}^ ;tFor 

. y ' * ■ . ■ ■]' 

V 

The Node *)f .^f <f >!« in 






\ 



9 




• ■ • * . 

WherefcHfei the N6((le;of the Planet^ being in 17.55 flc, of tt,lajr 
a Rtiler from th« Ceptie ® to 17.^5 de. ofiawms^ and these 
d^v an obCcure Line ; This jLine is the common Sedtion of plain 
Pipflets ^centric iv/lth the Tlain eitA^lEcUpiio-^ and whe» 
^4 Line)q:olfetbtne 0^1>it of -Mir^. there write ^ Dr^o*^ flbi^^ 
at which l^oint, when any Flaneit is in its • Orbit , it goes into 
Ncftb Latitude i. And at the . ojmoAte Pointy diroi^ flie Oeqtre, 
is the pl^a of t$ the: Vrggmslaily where it goes mta £airi La- 

' -Of the'Iiidrrtrtion dF the P^pfr^ '' - 

The'Greatefi Inclination of the Planets are liidi as are oprei^ 
*le4in this TaWe. 

5.90 

-. , . . . ,. 

"The J^heUan tines' zHi^ OrbiU pf th^ £art\ amjaijy of the 
sPLmets being dfawii within the cvlfptfck Circle]^ the rieit tKiDg to 
be done is, to (hew how toplace the Earth and any Hanet in their 
relpeftive Orhits^ fofanyTmefra^ofed i And anb. How to^ 
duce their Places (b found ^n their OrfeVi ^t that time, to tlieir^ 
•IpecHve Places in the Ec^pticU CircU. \ ' \ 
In order whereunto it wiirbe neceflarjr to fhew, 

,L How'Tlme is tote Accounted, 

. B.TO 




Of Gemef^rUal Jfironotny. ^^ 

H: To ColkS the Anomalies of the Earth and Piiwrt for any Fig. . 

77;;i^ propofed. ^ . LXXVL, 

m. Hovy Dj^reet diJntmaij ii> thfe OrMx^ . are to be reduced to 

Dr^r^^i in the JScCpfici. '- - - t . 
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How 
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^nr^ TME is to be thus Atcftunted^: An^ Day begmnlpofi ite- 
X own Noon, :\ fei tliat la zt Noon of die firft Day of f^imary 
a the Cormm Term i£. the 0/i and iVbr K^i ; it* being tl|ej£i^. 
ef^he J^rwcr^ andthe BcfV»«gQ^the\^^ . -.•':-- 

BefairetheZ^'tiijer.ori%i(^9f.a^^JV^ in the BcUg^d canhp j 
found ^ the equal M$tmoi fkB Jnomafy ^{ot the ^inUe jpropofed ; 
mufl be known ^ and that Motion forsuiypropoiM iu^i^iOiay^ 

coUefted out ofthefe .Table S.- 
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iEpoches of the Anomalies for the 

Y E A R S. 



Epochal 
for 



Earth 



Teats. De. Pts. 

, 1 1 * ■ 

194- •?4 



'» yw <» ' * ■ ' 



loo 

De. ij^s. 



346- '^ 



r» :• 



I • * 



193. 87 

193. 80 

'93» 72 



V 

■f^-T 



137. i81i3».'63 



100 



lop 

iiS.' 08 



100 
De. Pts. 



lOd 

De. Pts 



ai|P7. 04] 167. 6tfj 
248. 4a] 24f- y' 



279. 30 
17. 01 
114. 72 
212. 43 1 2^2 
310. 14 145 



20. 08 



47. 86 



193- 641 14J. 
193. 57 243. 
193- 491341 



57 
28 

c8 



88 

68 

28. 48 



222. 81 



271. 28 

154. 08 

36. 88 



TTjr-^r ^4r. cab ^If- ^8 




359- 74 
359- 49 
359- 23 
359' 96 

359. 71 
tl 459745 

n359- 19 



78.71 
225. 27 



12. 21 
24. 41 
36. 62 
48. 86 



162. 48 
283. 88 



314. 00 

45* i^ 
136. 40 



249. 80 

25 1. 17 
«5i. is 

253- 9? 

255- 31 
256. 68 

2^8. 06 



227. 58 259- 43 
318. 76 1 260. 81 



49-94 



61. 06 
73. 27 
85. 47 



30. 33 
60. 66 
90. $9 

121. 4 

151- 73 

182. 06 



144. 

232. 

277: 



30 
90 



323' y 

41. 01 

1 18. 73 

1 9^' 45 

274- 17 

351- «9 

6 9. 61 



147- 33 
225. oj 



262. 19 302. 77 



191. 27 

22. 53 

213. 80 

_45. 59 



236. 86 
68. 13 



264. 94 
85. 63 



98. 21 

317- 35 

224. 27! 53- 69 

89- 54 '?7- 38 
314. 32 161. 08 

218. 86 



180. 69 



45 
270. 



46 
23 



212. 391259' 39 135- QO 19- 931 , 



272. 57 
326; 24 
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Morion of the Anomaly, in Months 
Of die Common YEAR. 



Febru, \ 
March' 



• Earch c ^ h \ ¥ I o t <5 i_ 

I ^ 100 lOO' tool lOOj loo IOC 

De. Pts.De.Pts.De.Pts.De. Pts JPe. Pt s.pe. Pts. 




58. 15 
88. 17 



Septew 

Novm 
Decern} 



I. 04 • 2. 58 
I. 97 4. 90 
3. oil 7, 48 



4. oi| 9. 97 

5. 05 12. 55 



16* 2 A 49. 6 7, 1 26;. 8^. 
30. 731 94- 52 2l}.i. 45 

47' 'J 6! M4ii.9| _:^?»_ 1 ^ 
62. b 61192. 25.1? I. 08 
79. 13^41. 92I257. 94 
94. 85:289. 98' 20/ 71 

■■■Mpo-Wi**' •• • ■ « ■ I ■ . I " i III I ■ 




1,7. 62.111/03 309. 6iuy. 57 
20. 191127. 34 29. 31274. 4?| 
22^8 i43^_o6 77. ?3 3> 20 

2 J. . 26 1 59. 301 27- 04*1 64. 06 
27. 75 177. 02175. 11J286. 8?1 
30. 53lr9i, 27I224- 771 ,53. 59I 



Mbnths in the Leap-Year 
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D AY S. 




44- 86 
46. 46 
48. c6 



11' I'i 
8r. 87 

j?' 94 

90- oj 

94- 17 
98. 221 

102. 31 

106. 40 
1 10. 49 

11-5. 58 

118. 68 
126. 86/ 
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The manner dF C^UeSb^tht equal Jnomdm from tliefc T A- 
LES, is tho? : 

J%:^, Eirfbibe^the jEp^tfftii which belongs to that Year which 
^moft nearly ^recedeth the Yfar wlierein you led: the Place of u- 
^'ny Planet. 

Secondly^ XJfidtT th^tEpochc^ (^or nmnber) write the Motions 
belonging to (b ^nany Teari^ Months and t>^^y^^ as are compleatly 
expired lincethe 2>flrof tl^e Epccha^ all which Numbers muftbe 
taken out of -their proper Tables^ and fet orderly one under ano* 
ther ; which the disjundlion of (he Numbers Will give Dire\^ion 
enough how to do. 

Thirdly^ AH thefe Numbers muft be adddd into One ^ and 

their Sum (hall give the Jnpmaly for the Time propofcd And 

^if the Sum rife to be above a whole Circle , or 5.60 Degrees ^ 
you muft then caft away the number of ?6o as oft as ybti 
may, and the remaining Number muft be taken for the -i/o- 




Fourtbly^ Thefe thin^ ai^ to be done both in the Earth and 
die Planet feverally ^ as is done in the Example following. 
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Hnf to OlkS the Anomalies of Satom and the Earth, for 
the i6th paj of May , 4t Noon , Mr the Tear of Chrift 
4712, 'heittg Bmextile, or Leap-Year. 



1^1 *■ > 



Anomaly, 



iEpocha for the Year 1700 

MocioainYdrsCoiiipIeac '<^ 

April ComfkatB. 
Days Coiflpteac 1$ 



The Sum ot the AoomaJies 

The a Circles Sub g.. 

Ecjfual Anomalies for the Timc> 




: Which reduced co the Ecliptick, are 



# 15-50 



Anomaly, 
ii 
Deg. 
83* 88 

48. B6 

«5-47 
4. 05 

. 50 



222 



TjS- 



222 



rw 



ill5. 00 



M mm 2 



ruA 



2 cS AhciUa Mathentatka: 

Fhjf^ Out of the Table of Tears^ exfcribe the J^pocha for 1700 : 
And under it 4 Tears and 7 liaw, (w^hich together make 1 1 com- 
pleat Tears :) Under them exfcribe April Compleat (putthig B to 
It, for tliat it is ^r Leap-Tear :) And urrder tlmt exfcribe Days Ccm- 
plecft 1 5. Thus is the firft part of your Work performed. 

Sccmiily^ Repairing to 3^our Tables^ you, Ihall find the Anomaly 
of the £Wi which fhndsagainft 1700^10 be 194.2^ de. and the 
Anomaly of 'h to be 8^.88 deg. both which (et in their proper 
Cohmis under O and ^, againft 1700. Alfo,, Take out of theix 
proper Tables^ the Anomalies belonging to 4 I^orj and 7 Tears ^^ 
and write tliem in their proper Colmms ag^iinft their relpe* 
ftive Times : As 35:9.96 deg. for the ©, and 48.86 deg. for b . 
which fet down againft 4 Tears : Do. the like for 7 Tears : And 
for the Month of April^ which muft be taken out of the Table of 
Months in the Leap-Tears^ becaufe 1712 will be Le^p-Tear : And 
for the lyDays^ take the Anomalies anfwering to them out df the 
Table of Anomalies for Days. 

Thirdly^ all the Anomalies being thus eifcribed out of the TdbUs^ 
ind fet orderly one under anottier 5 you* muft add them toge^ 
ther, and yoii fhall find the SUm of the Q Anomaly to be 
1047.45: deg, And the Anomaly ot ^ to be 222.76 deg. But, 
becaufe tbo Hum of the Earths Jna m aUes ifr^bove-^cr, yotrmuft 
. take that Number, as oft as you can (which is twice, vh. 720 
deg.^ and the Remaindfer'327.45r deg. is the Anomaly of the 
Reduced : But. the Anowfy ot b being leflth^i 36a d^. needs 
noiXuA. SSdnBion.' .Jcmihins have 3rou computed 'the Awma- 

Jies^jht^M\^ ^ y % tlie 1 $lh Day of -%, in^he Y^r 1 71 2 
at Noon. • ^ . . , -'\ - •• 



Hprr /^^ i)fe^r^QfV/;Ahomaly^«5f W tAnh\^' or a^j of tk 
planets (found as before) in their Orbit's i^ are to be Re- 
duced to Degrees tk the Ecliptick. : 

TJOR the performahce hereof, the. following TjiSIS is fubfervient, 
I? for. it. wiU readil;r (^f in^Stmix only) 'airfwer' your de- 
fire*. ^' ' ^ ' vi , r. * . '. 
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I A TABLE y (hewing what Pbint^ of the 
'Edijftick .^n%,ers to any Degrees of Anprnaly^ 
that the Earthy or any of thp other PlaneU i» 
found to have in its own Orbit. 



Anomalial 
De g rees, 
o 




The. 






^'6o AnciUa Mathemaikv. 

TheUfeoftheTaiif. 

The TahUtonGRs of Seven Columns : In the firft, towards tte 
Xeft*hand/is placed the Degrees of JMomafy^ firom i to 360, by 
^ every loth Degree. And in the other Six Q>Jtrm«x noted at die 
Head with O, T?, V, <f, 9, 5 , you have the Degrees, and ico 
Parts of the Ecliptick which anftver thereunto. So that if yoa 
feek the Degrees of Jnomaly of any Plattft (found as by the fbi^ 
nier Table) in the firft Co/aww, you (hall find againft thofe IV 
grees of Jnomaly^ the Si^n^ D^ee^ and looPiirt of the Ecliptick 
aniwerable thereunto. 

So in the foregoing Example of the Earth O and Sahtm T? ^ where 
•the Jbtomaly of theliarth was found to be 928, and of Satmv 
221 (neareft)— Now, if you look for thefe Kmmberi in the 
iirft Cofiww of this Tabk^ yoa fliall find, that againft 3 ?o, (^whidi 
is the neardl Number to 328^ in the EarthrCohnmi^ t 8.02 de. 
Jind that De^ee of the EcUpttck anfwers to 3 30 deg. of the Earth 
. Anomaly in its Oibit- — Alfo , againft 220 in the firft Cobnta 
(whidi 18 the neareft to 223, the Jnomah of Saturn) yen (hall 
Innd in the Cohmn for Saturn^ Si 11.^3 deg. And that Degree 
of the Ecliptick anfwers to 320 deg. oxSaturm Jnomaly in his C^ 
bit : And fo of any other. 

But in die U(e of this Table you are to note^ That diere be^ 
ing but every Tenth Bepeeoi Jnomahf in the firft G>fam, the De- 
^ees in the other Columns for die Hanetsmvc thofe S^ns and De- 
grees of the Ecliptick^ of every T^b D^ee of Jnmafy : And 
Oierefbre you muft make Proportion (^whidi bow to pecform, 
*we fuppofe to be known) and therefore in our Example. 

D.M; 

CtheEarth7 C328CdieEcliptick7 15.52 t 

XheAnGimalyof< . >being< -^Degrees an-; 

^Saturn ^ c223(^fwering, ai 
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Th^e Vfeoft^ fheorrui 4ftd^hy them to //r^/^ Places of 
tin l£.2irtW 4ffd Planets, hoth w Longitude axd Lati- 
tude, &c. for any time propofed. As for MAR.S^ 

' ind thi^ A RiTHr on the i%ib of 0&.(^tjyo%, 

THE Orbiti of the E AJl T H and MA R S being, de* - 
fcribedinthe.B«>ry, asisbefofefhewedliowtodoi ^ - 

^ Ftrft^ Collea the equai MomaWes for the Barth and ilfor*, for 

the Time propofed, and their Red*8t(m to the EcUptick,9s is^ 

here done. . 



Equal AnomsMes'ofthe EartK kndWaS, f>r the l2t&'^ 
■Diy ofOStohet 1 705 at Noon. 

- . - I I 



■ U ' l 



••^ 



JEpoche for Years 1700 
Years Corqjiltat 4 
Month of September Compleat 
Days Coirtpleat 17 



Anomaljr.-! Anomaly. 



1 5^4. 2^ 

359- 96 
^69. ,07 

.16, '75 




218.08 

AS' 19 

143. 06 

. 8. 91 



360. 



The Equal-Anomalies 
JThei r Redudion to theEcliptick- 

■■ .1111 I .- I. , . ._ - , •• 



120. 05 

y. 1 2 .'tJ 



i^^.a 



■4^*> 






SecoHdty^ The f^iidr/ Anomahx^ the Bart A, reduced 'W rfie F-- 
diptick^ being in 5;. 12 de. of Tln/rTtf, lay a Ruler to. the Centre 
®, and 5.12 deg. «, (as at c) and where it crofleth the Orbit of 
the Eartk make ©^ for that is the Place of thfe if^tft .in his Or- - 
Wt at that tiin^, 

. Thirdly, The E^ml Ammcklj of M A R S, reduced to the Edip-- 
^ki Qrc/t', being in 17.68 deg. . of Li^j-tf : Lay a Ruler to the 

Centre j 



nga . .AneiU a Mathematical 

Centre O, and 17.68 deg ^ (as at ^,) and where it ordflcs flie 
Orbit of M A R S, make J j for that is the pkce of M ARSm 
his Orbit at that time. : ~ " 

Jbwtify, -Draw the Right-Lines, ©, ©.cf and J 6, confli- 
'tuting the Right-lined Triangle ® <? ©. 

The ibeory thus 'finilhed, I come now to fliew, 

I. To find the SmCi true -Place in the Ecliptiek, for the (vsit 
proposed. 

Lay a Ruler upon the X.ine ® ©, and it will cut theiic%;VI: 
Cfrcfe in b ® b, m 5. yi d^. of Scorpio ^ and that is the &?« 
X^;^;W^ (^r Pixr^ in thc'Zic7;pmJt) at t^^ 

II. To find the Lonptuie (or true Fli^ce in the EcUptkl) of 
M A R S for the iame time. 

* Iliit)u^the Point .© inthe Centre, ^tiraw a Right-Line paral^ 
lei to the Line ^ ©^ as the. (hort Line a <? «, which will ciofi 
the EcUptick Circle in 25.00 deg of Libra ^, where make the 
Oiaraaer of -M A-RS ^ for that is hi« true Place of Loffptnie ia 
the EcUptick^. for the time propofed. 

Mark now the Triangle ® ^' ©, made upon the Theory^ bj 
5 Centre ©, andthePomtof ©and o in their Orfob: Form 



the 

Tnai^le 






The'Side<<d 9>is the dJftance (£<p>Gcom di&c&ui. . 
,© <J3 ^<J3 ^Earth. 

Allwbidi are to be MeaJia^edtip(XirRroperScdss for the i^^ 
tsd Planets. nAhd 

C <? © ©^ . . - CSun 7 ^Commtatim^ 
The Angle<^ © ^>S: 1^' ^Earth >ot of <£%^?off. ^ 
2® <y ©9^^ ^* *^ /PlanetS . iParll of the Or^ 

Tbefe\^fe5 m^ be Meafured ^very near the Trutb^^ 

lielp of y oar Scale of Chords •, hat more accurateljr C^^i 

the Sides are known) by Trifouometrical Caknmicn ' 

•which hereafter, ~ -^.^ 

j5« 



w 
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But for the meafiiring of the Sides^ Proper Scales miift be made Ftg. 
-for each Planet, and the Earth. And, LXXVI; 

The- Proportions between the Lerjgth of the Aphelial Lines of the 
feveral Planets, (taken from the Center of the Theories, to the 
Aphelial Points) and the Scales by which to meafure their Di- 
fiances from the Svn or Earth j are th^le exhibited in this , 
Table, vJTL. 



For 



Saturn 
^Jupiter 
|Mars 
.Earth 



-as 100 to 




Which Numbers will make Proper Scales for meafurin^ the JDr- 
fiances in each Theory. And the ScaU for the Earth, will ferve, 
alfo, for the Theories of F'witf and Mercury. 

And note farther, That all Di^awcw meafured upwithefc Pro- 
per Scales, are 



Satum^ 



4C0 
200 
to be mabipBed hy^ 100 
Venus I , / S^^ 

MerairjrJ C 5^ 



\ Jupiter 
lli<Mars 



And diefe ProduSs ihall Reduce the Vifiances meafiired upon thf 
Troper Scales, into Semidiameters of the £'iiitA. 

HI. To find the Bifiance of M A R S from the Sm and from 
iiit Earth, for the Time propofed; 

Take in yova Cojf^ajfes the length of the Aphelial I^ne Jg^ 
6, €>, afld opening the Se3or>in the Points 56.75 and 56.73. 
The SeSor, as fo opened^ fhall be the &a/^ whereby to meafiire 
the Difioftces in Ae Theory of MARS. Wherefore, if you take 
in your Compafles (out of the Theory) of Mars. 
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VXXVL C^ ^^And apply it to Co ^7 Cyy. 70 

TheLine<® ©<the&S. 10 open'd^<® ©>tocoiitain<34. 75? 

6® * cyou (hall find c® <^S C^S. 20 

Which Parts multiplied by 100, will give 

C® ^C^yjop 
for<® ©•^^3475/^ SemW^metfr o{ the Eartb, 

IV. To find the ^fe of. Commkatmy, or .^iijsfc at tfie jflwj 

*. ® d- 

Lay a Ruler to @ the Centre,, and the Point © in its OrUt 5 
and it will cut the EcUptickCirck in diePoint c : Alio lay a Rules 
upon e the Centre^and the Point Mars in its Or^t^and it will ai$ 
AeEcBptick in the Point. i yihm will die Degrees of the Ed^ 
ticly intercepted between c add J, be the quantity of the ^fe 
^00, the Jftgk at the Sm (or of Gonminatim) and will be 
finrnd to he 162.0Q deg., 

V. To find the ArgUs of EUnigation. and ParaBas of tiie CM 
(or the ^fei at the Earth and l%mdt) ® ©. d! and ® © *- 

Thefe (^as I laid before) may be meaftired upon the Theory hj 
die afliflance oitht.Scale oi Chords : Bot the Jf^k of CcmmmtZ" 
mand the diftance of the £ait Jt and JKari being known, they 
Sfiay more eza&ly be found by, Trigonometrical Cakulation: 

^ Thus-, 
As the Siim of the Sides d. ® and ©-©.^ 902 $t — -?>9y4447 

Is to their Difference 2075. 3.3 17018 

80 is the Tung, of half the Angles at c? and ©,9. 00 d . 9.1 99 7 12 

12.5167 JO 

To the Tangent of 2,09 deg", 8. y.6 2 2 8 j 

• 

Which added.to 9.00 deg. gives 11.09 deg. for the uf6i(g^ at the 
Earth (or of Elofgation) © O <?— •Andfubfixaaed from. 
9.Q0 deg. leai'cs ^^.91 deg. for th« Jttgk at Mars (or ot the. 
, 5»raZfax..of the Orb,. ' . 
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Fir. 

VI. To find the Latituae of M" A R S at the fame time.. IJQLVL, 

* 

Before the Latitude can' be found, the AigiirmM of Latitude muft 
be had : To the attaining whereof, Lay a Ruler to the Centre ®, 
and the Point ^ in the Planets Orm^ lb will the Ruler cut the 
JEcUptick in the Point e : And a Rukr laid from -the Centre © 
to ^, will cut the Ecliptick in the Points : So that the Jitgle 
d Q eis the Jfgiment of Latitude^ and in this our Example will, 
be found (bymeafiiring the Degrees of the Ecliftkk Grck between , 
J and ^> tobe 149.75 deg,. 

The Jfgummt of £jtftift& thus attained, die true Latitude may 
be found bj the following Canc»L 

•■ . ^ . / 

As the Radius, Sine 90 de& ^ lo. 

Is to the the Sine of the A;g. ofLatit (^149.73; d.) 9.702 23 J7 
So is the Tang, of Mars Greateft Inch 1.84 de. . 8.506844? 

To the Tangent of 0.92 deg, j- 8.2090801^ 

Which 0^92 Degrees is the Latitude of M AR S fcen at the 
Sun ^ and is North^ becaufe the hcUnatum of M A R JS was ^ 
Northwards. 

But to find the Latitude as fmi at the Earthy . 

The Proportion is, , 

Asthe Diftimce i 9, 8820 3,94f458 - 

I*tatheD7])ff^ce© d", 5550 > 3'7^^9'i[ 

So is the Tang, of the fit/t.;feen at.the Sun 0.92 dc. 8.205 702 

"•949995.' 
To the Tangent of 0.58 deg. 8.0045 27; 

Which is tht^Latitude of Mars feen from the Earth. 
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Figure LXXVII. 



The Equal Motions of the Anomalies of the Earth, and the 
other Five Planets, tj, V, «?, 5, 2, For the i8th Day of 
OSoheTy at Noon, Af/no 1705. 
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